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CAMDEN, NEW JERSEY 


"One of America’s Safest Cities” 
THE MATHEWS FIREMEN SAY 


Why do they say Camden is safe? Beeause it relies on 
Mathews Modernized Hydrants. And where there's Mathews. 
there's safety plus. 

Mathews Hydrants are so simply and soundly designed 
there's virtually nothing that can go wrong with them. The 
operating nut is shielded from rain. dust and dirt. The main 
valve is true compression-type. opening against the water 
pressure. All the working parts are housed in a removable 
barrel which can be replaced in a matter of minutes. without 
excavating, if the hydrant happens to be knocked down by 
an out-of-control vehicle. There's no need for on-the-job 
repairs on a Mathews Hydrant. 

Send for our illustrated booklet. You will see why city 
alter city chooses the Mathews Modernized Hydrant as its 
hest protection, and why vowr community should have the 


same advantage. 


OTHER MATHEWS FEATURES: [lead can be turned 500) « 
Replaceable head, nozzle outlets easily changed « Nozzle levels 
easily raised or lowered without excavating « Protection case 
of “Sand-Spun” cast iron for strength, toughness, elasticity 
Operating thread only part to be oiled modern barrel 
makes anv Mathews Hydrant good as new 


MATHEWS HYDRANTS 


Made by R. D. WOOD COMPANY 
Public Ledger Building, Independence Square, Philadelphia 5, Pa. 
Manufacturers of “Sand-Spun’’ Pipe (centrifugally cast in sand molds) and R. D. Wood Gate Valves 
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LOCK JOINT REPEAT PERFORMANCES ~ 


AS NORFOLK GROWS so must its water supply 
system. For more than 25 years municipal engi- 
neers have met this City’s continually increasing 
need for water by installing 73 miles of Lock Joint 
Reinforced Concrete Pressure Pipe. Thus, a water 
supply system of sustained high carrying capacity, 
negligible maintenance cost, immense structural 
strength and unfailing service is assured for gen- 
erations. 

Repeat orders from Norfolk and many other Ameri- 
can cities are convincing evidence of the complete 
dependability, high quality and economy of Lock 
Joint Reinforced Concrete Pressure Pipe. 

For future projects, large or small, specify 
Lock Joint Pipe. 


A Hazen-Williams Hydraulic Slide Rule will gladly 
be sent upon request with our compliments. 


LOCK JOINT PIPE COMPANY 


Established 1905 
P. O. Box 269, East Orange, N. J. 


Pressure Pipe Plant: Wharton, N. J.; Sewer Plant: Kenilworth, N. J. 


BRANCH OFFICES: Denver, Colo. ¢* Chicago, Ili. 

Kansas City, Mo. ¢ Rock Island, Ill. ¢ Joplin, Mo. 

Valley Park, Mo. * Cleveland, Ohio * Hartford, Conn. 
Navarre, Ohio 


P 


10 JOBS SINCE 1920 © 


1943 — (Top photo) Installing 36’ pipe 
alongside of old wood stave pipeline 
which it replaces. 


1921-—(Lower photo) Installation of 
Lock Joint pressure pipeline on 
Trestle over Elizabeth River. 
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SCOPE OF SERVICES 


Lock Joint Pipe Company specializes 
in the manufacture and installation 
of Reinforced Concrete Pressure Pipe 
for Water Supply and Distribution 
mains in a wide range of diameters 
as well as Concrete Pipe of all types 
for Sanitary Sewers, Storm Drains, 
Culverts and Subaqueous lines. 
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INTERCHANGEABILITY 


FOR TRUE STANDARDIZATION... 


Instead of a large assortment of old 

registers for old meters . . . a small 

stock of interchangeable new Trident 

Registers. Any one of them fits per- 

fectly into any new or old Trident of 
the size for which it was made. 

Instead of an accumulation of old 

gear trains for old meters . . . any 

new Trident Gear 

Train. It fits per- 

fectly into any 

Trident Meter, 

new or old. Gear 

trains for 3/4” 

and 1” Tridents 


are identical, interchangeable. 

This same economy in stock and 
handling applies to Measuring Cham- 
bers, too . . . when repairing an old 
Trident, any new Chambers made that 
size can be used, even though the 
meter is 50 years old! 

You also get interchangeability in 
component parts. A worn piston in 
the Measuring Chamber may be re- 
placed with a new one, as may worn 
gears in an old gear train, etc. Buy 
Trident Meters for TRUE standard- 
ization, which you get only through 
complete interchangeability. 


NEPTUNE METER COMPANY ¢ 50 West 50th Street * NEW YORK 20, N.Y. 
Bronch Offices in Chicago, San Francisco, Los Angeles, Portlend, Ore., 
Denver, Dallas, Kanses City, Lovisville, Atlanta, Boston. 


New Parts in 
Old Trident 


NEPTUNE METERS, LTD., Long Branch, Ont. Conedo 
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ANITARY engineering has 
achieved notable progress. in 
stream pollution control during the 
past half-century. Sewage treatment 
was introduced in 1899, the year our 
Company was organized. Today, 
more than 6,000 sewage treatment 
plants serve over half of our urban 
population. And substantial prog- 
ress is being made in decontaminat- 
ing industrial wastes discharged into 
streams and other waters. 


Water supply and gas service have 
also made notable contributions to 
better health and living in the past 
50 years. Today, more than 12,000 
public water supply systems serve 
85 million people with safe and pal- 


nitation service and 


vater suppty, gas 
i tribution to 


and sa 


ook at those trout belly-up, Joe 
that means big trouble!” 


atable water. More than 20 million 
families are furnished with gas for 
cooking and heating. 


After 50 years of manufacturing 
cast iron pressure pipe primarily and 
principally for water, gas and sewer- 
age service, we too can point to a 
record of progress. In pioneering 
new and better production methods, 
such as the centrifugal process of 
casting—in improved quality controls 
—and in facilities for research and 
development. Cast iron pressure pipe 
as produced today in our several 
foundries bears witness to that prog- 
ress—in terms of strength, toughness 
and uniformity. 


CAST IRON 
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VALVES: A.W.W.A. type, iron 
body, bronze mounted with double 
disc parallel seat or solid wedge type. 
Non-rising stem, outside screw and 
yoke, or with sliding stem and lever. 
Also furnished hydraulically operated. 
Square bottom type operates in any 
position. All rugged and dependable, 
made of best material with highest 
quality workmanship. 


Valves 
Hydrants 


M&H 
Products 
Include— 


FIRE HYDRANTS 
GATE VALVES 
TAPPING VALVES 
WALL CASTINGS 
SPECIAL CASTINGS 
TAPPING SLEEVES 
CHECK VALVES 
FLOOR STANDS 
EXTENSION STEMS 
SHEAR GATES 
MUD VALVES 
VALVE BOXES 
FLAP VALVES 
SLUDGE SHOES 


FLANGE AND FLARE 
FITTINGS 


FLANGED FITTINGS 
B & S FITTINGS 
CUTTING-IN TEES 


HYDRANTS: Standard A.W.W.A. 
type approved by Underwriters and 
Factory Mutuals. Dry top, revolving 
head, easy to lubricate. High effi- 
ciency because barrel diameter not 
reduced and there are no working 


parts or obstructions in waterway. 


&H VALVE 


Catalog AND FITTINGS COMPANY 


No. 34 


ANNISTON, ALABAMA 
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COMING MEETINGS 


September 6—7—New York Section at Otesaga Hotel, Cooperstown, 
N.Y. Secretary: R. K. Blanchard, Vice-Pres. & 
Engr., Neptune Meter Co., 50 W. 50th St., New 
York, N.Y. 
8-9——Minnesota Section in Minneapolis, Minn. Secre- 
tary: R. M. Finch, 518 Metropolitan Bldg., Min- 
neapolis 1, Minn. 
14-16—Pennsylvania Section at Penn-Harris Hotel, Har- 
risburg, Pa. Secretary: L. S. Morgan, Dist. Engr., 
State Dept. of Health, Greensburg, Pa. 
22-23—-Rocky Mountain Section at .\cacia Hotel, Colo- 
rado Springs, Colo. Secretary: O. J. Ripple, Rip- 
ple & Howe, Cons. Engrs., 426 Cooper Bldg., Den- 
ver 2, Colo. 


25-27— Missouri Section at Connor Hotel, Joplin, Mo. 
Secretary: Warren A. Kramer, Div. of Health, 
State Office Bldg., Jefferson City, Mo. 

28-30— Michigan Section at Park Place Hotel, Traverse 

City, Mich. Secretary: Raymond J. Faust, Div. 

of Water Supply, Bureau of Eng., Michigan Dept. 

of Health, Lansing 4, Mich. 


October 6-7——lowa Section, Burlington, Iowa 

\labama-Mississippi Section, Jackson, Miss. 
24-25— Virginia Section, Roanoke, Va. 
26-28-—California Section, Sacramento, Calif. 


31-Nov. 2-—Kentucky-Tennessee Section, Lexington, Ky. 


November 2-4 —-Chesapeake Section, \Vashington, 
3-4. -Ohio Section, Dayton, Ohio 
7-9—North Carolina Section, Southern Pines, N.C. 
11-13) -Arizona Section, Yuma, Ariz. 
14-16 -Florida Section, Orlando, Fla. 
17-19-- New Jersey Section, Atlantic City, N 


December 5-7——-Southeastern Section, \lbany, Ga. 
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LITTLE 
They All Have the 
‘Same Layne Quality 


Layne has constantly maintained 
the highest quality of materials and 
finest precision manufacturing in all 
of their Well Water System installa- 
tions. The smallest are just as sub- 
stantial in construction and as high in 
efficiency of operation and always pro- 
duce proportionately as much water as 
the biggest. This fact has been proven 
time and again to the complete satis- 
faction of hundreds of owners. 


When Layne builds a Well Water 
System, more than fine casing, impel- 
lers, shafting, motors and skillful man- 


Layne offers a complete service which includes 


ufacturing are used. Layne’s reputa- 
tion extending back over nearly three 
quarters of a century as the world’s 
most capable wel! water developers 
is included. 


All Layne Well Water Systems are 
equipped with the famous high effi- 
ciency Layne Vertical Turbine Pumps. 
These pumps are designed and manu- 
factured exclusively in Layne’s own 
plant where every detail of their con- 
struction and assembling is under the 
supervision of engineers. 


everything from the original surveys to the drilling 

* of wells (if needed), installation of pumps and final e 
testing to your complete satisfaction. No divided 
responsibility, no waiting for another to finish the 
job. For further facts, catalogs, etc., address 


LAYNE & BOWLER, INC. 


General Offices 
MEMPHIS 8, TENN. 


WELL WATER SYSTEMS 
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Are you plagued with unpleasant tastes 
and odors suddenly arising in your raw 
water supply? They probably stem from 
one of these three sources: decaying vegeta- 
tion, algae or industrial trade wastes. 


Aqua Nuchar Activated Carbon is speci- 
fically produced to remove these foreign 
molecules which give rise to unpalatable 
tastes and odors. It disperses more quickly 
through the entire body of water and re- 
mains in suspension longer, permitting the 
extremely porous carbon particles more 
time toattract theseimpurities. Allofthese 
foreign bodies are retained in the carbon and 
subsequently eliminated when the carbon is 
removed on the filter sand or by settling. 


in an expensive 


romas 


another 


in drinking water 


perfume 


It is now common practice in the design 
of new water plants to provide for activated 
carbon treatment of the water. Applica- 
tion of Aqua Nuchar Activated Carbon is 
recommended not only in all water supplies 
where tastes and odors may be present, but 
also in water where tastes and odors become 
apparent after chlorination. 


Remember, Aqua Nuchar offers the 
quickest, lowest-cost way to eliminate these 
tastes and odors and prevent their recur- 
rence. Write to our nearest office for an 
experimental sample of Aqua Nuchar and 
the latest instructions on its use in water 
purification. 


division west virginia pulp and paper company 


NEW YORK CENTRAL BLDG. 
230 PARK AVENUE 
NEW YORK 17, N. Y. 


PURE OIL BLDG. 
35 E. WACKER DRIVE 
CHICAGO 1, ILLINOIS 


PUBLIC LEDGER BLDG. LEADER BLDG. 
INDEPENDENCE SQUARE 526 SUPERIOR AVE., N.W. 
PHILADELPHIA 6, PA. CLEVELAND 14, OHIO 
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Culminating 35 years’ leadership in chlorination, W&T now offers 
the Amperometric Residual Chiorine Recorder to water works operators 
desiring the finest in chlorination control. For the first time, it is 
possible to actually SEE what you're doing. 


WHAT THE RECORDER DOES: It provides a 
continuous, permanent record of actual chlorine 
residuals—either free available or total. 


WHAT IT IS: The Recorder consists of a cell and 
a recording mechanism attractively housed in a 
handsome, gray enameled pedestal to complement 
any W&T Chlorinator installation. Optional 
accessories include a Remote Residual Indicator 
and a Remote Alarm System. 


HOW THE RECORDER WORKS: In a continuous 
sample of the water under test, a function of 
the residual is measured and subsequently 
recorded on a 24 hour circular chart in 
terms of ppm of residual chlorine. 


ADVANTAGES OF RESIDUAL RECORDING: 
Residual recording includes these big 
advantages—(1) Better chlorination control 
(2) A permanent record of performance 
(3) A check on operating irregularities 
(4) Determination of chlorine demand (5) To 
ascertain residuals in the distribution system 
(6) As a check on chlorine usage to avoid 
wastage, and (7) Because the record is 
continuous, operating data is available which 
could not be obtained by periodic testing. 


WHAT USERS SAY: Many installations of this 

Recorder are in successful operation. 

Here’s what some users say— 

“The recorder enables us to save many dollars 
on chlorine—” 

“—-This instrument functions with extreme 
accuracy and fidelity. It provides something 
that experienced water plant operators 
have long desired—”’ 

‘I congratulate Wallace & Tiernan on the 
development of this useful equipment 
which is probably the most important 
advance in the science of chlorination 
in the last twenty years—” 


WRITE TODAY FOR FREE CATALOGUE TP-59-C 
GIVING COMPLETE DETAILS ON THE W&T 
RESIDUAL CHLORINE RECORDER 


WALLACE & TIERNAN 


COMPANY, INC. 


CHLORINE AND CHEMICAL CONTROL EQUIPMENT 
NEWARK 1, NEW JERSEY * REPRESENTED IN PRINCIPAL CITIES 
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Simplified Bookkeeping System for Small 
Water Companies 


By George J. Natt 


A paper presented on April 28, 1949, at the New York Section Meet- 


ing, Elmira, N.Y ., by George J. Natt, Sr. Civ. Engr., Water Power and 


Control Commission, Albany, N.Y. 


Before becoming associated with 


the latter organization, the author served for eleven years as a hy- 
draulic engineer on the staff of the New York State Public Service 


Commission. 


HE Public Service Commission of 

New York, by provision of the 
Public Service Law, has jurisdiction 
over all privately owned water com- 
panies with a value of $10,000 or more. 
At present there are approximately 95 
such companies, operating about 113 
plants, under Public Service Commis- 
sion jurisdiction. 

All companies having annual rey- 
enues of over $15,000 are required to 
keep double-entry books under systems 
of accounts prescribed by the com- 
mission. The commission, however, 
has promulgated no bookkeeping sys- 
tem for Class E companies (those hav- 
ing annual revenues of less than $15,- 
000), nor has it recommended a book- 
keeping system for them. 

Of the approximately 95 companies 
under commission jurisdiction, about 
68, or approximately 71 per cent, have 


annual revenues of less than $15,000; 
and of these, half have revenues of 
$5,000 or less. A substantial portion 
of these small companies are one-man 
affairs; that is, the principal stock is 
held by one individual, who has the 
responsibility of operating the firm. 
All of these companies are in rural 
areas and represent merely a sideline 
to a more gainful occupation of the 
“owner.” Although all the operators 
are mechanically inclined, few are 
versed in keeping books. 

From the very beginning of the 
author’s association with these Class E 
water companies, he was repeatedly re- 
quested to formulate, for many of 
them, a bookkeeping system which 
would be simple and adequate for their 
needs and at the same time be suffi- 
cient for compiling the various govern- 
mental reports. The bookkeeping sys- 
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tem presented in the Appendix is the 
result. Work on it was started some 
time ago and was completed during 
the author’s tenure with the Public 
Service Commission. 

The system is an adaptation of one 
invented for small telephone companies 
by Ward E. Hinman, Chief Telephone 
Iengr. of the Public Service Commis- 
sion. Hinman’s system, which received 
favorable comment at a national tele- 
phone convention, has been voluntarily 
adopted by many small telephone com- 
panies and used with great success. 
In a number of these companies the 
girl handling the switchboard also does 
the bookkeeping. Only one book is 
involved, which provides for receipts 
and disbursements, a summary of rev- 
enues and a summary of salaries and 
wages. 

With the exception of the revenue 
summary sheet, only the transactions 
during the current year are to be re- 
corded, figures from one year not being 
carried over to the next. The Public 
Service Commission report serves as 
the annual statement of the company’s 
affairs and serves also as the control 
for this bookkeeping system. 

Bookkeeping is necessary for two 
basic reasons: first, so that the owners 
and management may be accurately 
informed of the company’s financial 
condition and of the results of its op- 
erations ; and second, so that the many 
governmental reports may be made 
accurately and easily. The objective 
has been to develop a bookkeeping sys- 
tem which will meet these requirements 
and which can be maintained without 
any expert accounting knowledge. It 
is applicable to individual owners of 
water plants, as well as to corpora- 
tions. Reduced to its fundamentals, 
bookkeeping means keeping account of 
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where the money comes from and 
where it goes. For these two basic 
purposes five forms, kept in a single 
loose-leaf binder, have been designed. 


Customer Ledger 


The customer ledger form provides 
a record of customers, their water facil- 
ities, billing, payments, discounts and 
allowances, accounts receivable and un- 
collectible operating revenues. This 
form is in two parts: the so-called 
ledger portion and the billing portion. 

Each customer (including public fire 
protection and other federal, state or 
municipal use) requires a line across 
the customer ledger. The customers 
are to be listed alphabetically, leaving 
a few spaces between initial letter 
groups for additions. If the majority 
of the customers are billed quarteriy 
but a few large customers are billed 
monthly, three lines should be pro- 
vided for each customer billed monthly, 
one line to be used for each month in 
the quarter. The fly or narrow leaves 
headed “Current Billing” (six of which 
are required for monthly billing and 
two for quarterly billing) when filled 
should be transferred to a_ storage 
binder and new leaves inserted. The 
“Customer Record” pages may con- 
tinue to be used until there have been 
sufficient changes on them to warrant 
rewriting. Identical “Customer Rec- 
ord” pages should be kept in the stor- 
age binder so that fly leaves when 
inserted will be readily usable in re- 
tracing former charges to an individual 
customer. The customer’s account 
numbers on the “Current Billing”’ 
leaves will facilitate their insertion at 
the correct location in the storage 
binder. 

The instructions in the Appendix 
give information on how to use each 
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of the columns in this form. In the 
author’s opinion, the “Fixtures for Un- 
metered Billing” section will be most 
helpful, as it gives a ready record of 
the basis for the flat-rate bill. Experi- 
ence has shown that many small com- 
panies have no definite knowledge of 
the customers’ premises, and since the 
plant owners could not take time for 
an inspection, the bill was based on 
what fixtures were thought to be 
present. 

Because all companies under com- 
Mission jurisdiction are now required 
to own and maintain service lines, the 
columns for size and ownership of 
services will be of great assistance. 
This information is often lacking in 
the records of small companies. 


Disbursement Ledger 


The disbursement ledger provides a 
record of all expenditures for opera- 
tion, maintenance and repairs, con- 
struction of water plant and other 
purposes. It affords a simple means 
of recording and distributing expendi- 
tures to proper expense, water plant 
or other accounts. On the disburse- 
ment ledger pages for any year are 
recorded only the transactions during 
that year. 

A glance at the form will indicate 
the ease with which disbursements are 
distributed to the proper accounts. 
The left-hand sheet contains the ex- 
pense accounts, and the right-hand 
sheet, the plant accounts, depreciation 
reserve, taxes, notes and accounts pay- 
able, interest and dividends. In de- 


signing the form, columns were pro- 
vided for only the six plant accounts 
most frequently used. Entries of costs 
in other plant accounts are made by 
using the column marked “Other Wa- 
ter Plant Installed.” Thus, with this 
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form, a disbursement is correctly dis- 
tributed using only one entry. 

A word of caution should be said 
about the column headed “Depreciation 
Reserve.” This column is not to be 
used for accruals to the reserve ac- 
count. Annual accruals to depreciation 
reserve are entered in the annual re- 
port to the Public Service Commission, 
which, as previously stated, is the con- 
trol for this bookkeeping system. The 
“Depreciation Reserve” column in the 
disbursement ledger is used only when 
a payment is made that directly affects 
the account. For example, suppose 
that a new truck was purchased and 
a trade-in allowance of $200 was re- 
ceived on the old one. To enter cor- 
rectly the full cost of the new truck in 
the water plant account, the trade-in 
allowance is entered in the reserve 
column in red. This will balance out 
the payment when the check is entered 
in the ledger. It is not recommended 
that retirements be entered during the 
year except when an item of equip- 
ment, or the like, is sold and a trade-in 
allowance received. All other retire- 
ments are to be made at the end of 
the year. 

For year-end closing of the ledger, 
all unpaid bills on hand should be 
entered. These are to be distributed 
to the appropriate accounts, but in- 
stead of entering the amount in the 
“Total Amount” column, the amount 
of the bill is entered in red in the 
“Notes and Accounts Payable” col- 
umn. Since the bills are not yet paid, 
they are marked “Distributed” to avoid 
duplicate distribution and are carried 
over for payment in the next year. 
When actually paid, the amount is en- 
tered in black in the “Total Amount” 
column and in black also in the “Notes 
and Accounts Payable’ column. 


j 
» 4 
i 
a 
4 
= 


Jour. AWWA 


< 
& 


| 


junowy 


oF 


| 08) 


l 


| 4992286 2 


| 


| 


966 
og g 
soles 


J 
| 40) 
__ 


won we 


ONITHA 
AANOLSAD 


GY, - 


+ 


} 
} 


ath 


J 


vondwneucd 


¢72'7/ 


Sulpeay 


eng 
eourjeg 


996 
| 


| 


= 


- 


al, 97, 


fo Mey bb 


OF 


fF 99 


fF WY 22 
JE 
fF 


Jaspay iowoysny) ‘7 | 


puef{- oy] 
JospayT Jowojsn) 


UME 

AP 


¢/ 


Puy 

| 


| | | 


| meg 
404 


| 
| 
| 
i! junowy 


2718) 


=AAWOLSNO 
AAWOLSND)D 


482 
; VR 

| | | N 
3 i | | 
| 
| A 
| | | 
| 8&2 | 

| H & i 
| | 

| 
> 
| 
| | | | 
| 
LQ! | t 
{| 
g 
| 2 | NNN | 
| | 
| | 
int | | | 
| | | 
| . 


June 1949 SIMPLIFIED 


Operating Revenues Summary 


The operating revenues summary 
sheet, which can be kept in front of 
the customer ledger section, provides a 
monthly or quarterly and annual sum- 
mary of customer billing, collections 
and accounts receivable, as well as a 
record of other receipts. This form, 
it will be noticed, is quite similar to 
the “Current Billing” sheet. 


Salary and Wages Summary 


The salary and wages summary af- 
fords a record required by federal 
social security tax regulations. The 
form has been designed so that the 
wages of employees may be combined 
for entry in the disbursement ledger, 
while wages data for the old-age bene- 
fit and unemployment insurance tax, 


The bookkeeping system herein out- 
lined is designed for use by water works 
corporations having annual revenues of 
less than $15,000. The boldface headings 
below refer to the various forms which 
are illustrated in the accompanying Fig. 
1-8. The italicized headings correspond 
to the major column headings on the 
forms shown. ‘These instructions are 
supplemented by the explanatory material 
on the preceding pages, as well as by the 
Notes which appear at the end of this 
Appendix. 


Customer Ledger—Customer Record 
Page 


Since “Customer Record” pages are to 
be used until such time as they need ex- 
tensive revision, they should not be num- 
bered in series with the “Current Bill- 
ing” pages. After the word “Page” on 
the customer record sheet (Fig. 1) the 


APPENDIX 


Instructions on the Recording of Current Transactions 
by Small Water Works Corporations 
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the withholding tax and other reports 
may also readily be available. 


Weekly Labor Report 


The last form provided is a weekly 
labor report, consisting of pocket-size 
sheets on the face of which plant em- 
ployees record the division of their 
time between operation, maintenance 
and repairs and water plant activities, 
and on the reverse side, the units of 
property installed and retired. 


Acknowledgment 


Acknowledgment is due to J. P. 
Redwood, Chief Hydraulic Engr., New 
York State Public Service Commis- 
sion, and to his assistant, W. R. Wolff, 
for their aid in the preparation of this 
bookkeeping svstem. 


letter “R” has been printed. All cus- 
tomer record pages should be numbered 
in series: Rl, R2, etc. Likewise, on the 
“Current Billing” page (Fig. 2) the let- 
ter “B” has been printed. Current bill- 
ing pages should be numbered in series: 
Bl, B2, ete. 

Instructions on the entries to be made 
in each column are given below. 
Acc’t No. 

Enter the account number of a cus- 
tomer at one address (service location). 
If a customer moves or discontinues serv- 
ice at that location, this number becomes 
dead and should not again be used. (As 
a result, the names listed alphabetically 
will not necessarily have consecutive 
numbers. ) 


Name 


Enter name of customer. 


| 
. 
; 


lddress 


Enter address ot service location. If 
bill is sent elsewhere, a note to that effect 
should be made. 


TD. No. 


Assign numbers to the tax districts in 
which the company has customers and 
enter such numbers in this column. 


Deposit 


li a deposit is received from a cus- 
tomer, enter in this column the date re- 
ceived and the amount. This will facili- 
tate the computation of interest. When 
the deposit is returned, in whole or in 
part, circle the previous data in this col- 
umn with red ink and enter therein (in 
red) the date the deposit was returned 
and the amount returned. Also make a 
notation such as “deposit refunded” any 
place along the line allotted to that 
customer. 

The actual cash returned to the cus- 
tomer is to be recorded on the disburse- 
ment ledger; i.e., the name of the cus- 
tomer in “Description” column; number 
of check in “Ck. No.” column, or “C” if 
cash; the amount in “Total Amount” 
column; and the same amount in ‘Miscel- 
laneous” column. 


Sr. Ci. 

Enter the number of the service classi- 
fication in the company’s filed rate sched- 
ule under which the customer is served. 
If more than one, include all. 


lixtures for Unmetered Billing 


In each of the subcolumns insert the 
number of the various fixtures that form 
the basis of the customer’s bill. For ex- 
ample, under “S,” the entry “2/252” means 
2 sinks at $2.50. In the “Period Total’ 
subcolumn enter the total bill for the 
billing period, based on the fixtures listed. 
S stands for sink; T, toilet; W, wash- 
bowl; B, bathtub or shower; L, laundry 
tub; F, faucets, inside or out: H,. hose 
connections; Other, any other fixture 
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charged for but not listed (including pri- 
vate fire protection). If the customer is 
billed on a meter rate. this entire column 
is left blank. 


Veter 


Enter the size of the meter, followed 
by an asterisk (*) if customer owned; 
the make and manufacturer’s number; 
and the date on which the meter was last 
tested (enter this date with soft pencil). 
Service Line Data 

Under the subcolumn headed “Lgth. & 
Kind,” enter the length of the service 
line from main to territorial limit of 
street; i.e., the length which the company 
is required to own and maintain. Also 
show the kind of pipe—copper, “cop.” ; 
cast iron, “C.I.’’; galvanized iron, “G.I.,” 
etc. 

Under the “Size & Ownership” sub- 
columns, enter the size of service line and 
whether company or customer owned. 
This information can be indicated in one 
step by inserting “Co.” or “Cus.”—for 
company or customer owned-—-in the ap- 
propriate place. Under “Other,” show 
the size of services larger than 1 in. and 
their ownership. 


Customer Ledger—Current Billing Page 

Instructions on the entries to be made 
in each column of the “Current Billing” 
page are given below. 
Acc’t No. 

Enter the same account number as on 
the “Customer Record” page. 
Balance Due 

Enter the unpaid balance from previ- 
ous period. (If a credit, enter in red.) 
Metered Sales 

Enter sales computed at scheduled 
rates. 
Unmetered Sales 


Enter the period total shown under 
“Fixtures for Unmetered Billing,” in 
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cluding sales for private fire protec- 
tion. 


Sales for Public Fire Protection 


Enter amounts billed for the period. 


Other Operating Revenue 


Show under “Item” the service for 
which the charge was made; for example, 
“turn-on,” “repairs on frozen meter,” 
“rents.” 


Total Bill 


Enter the total of metered and/or un- 
metered sales, the amount under “Other 
Operating Revenue” plus the unpaid bal- 
ance due (for individual customers). 
Billing for “Public Fire Protection” 
should also be shown in the total. 


Disc. and Adj. 


Enter the prompt-payment discount (if 
any) and any other adjustments on the 
amount as billed; also credit for interest 
on deposits. This entry is to be made, 
of course, when the bill is paid. 


Paid 

Under “Date,” enter the date on which 
payment is made, and under “Amount,” 
the amount paid. 
Disbursement Ledger 


Instructions on the entries to be tnade 
in each column of the “Disbursement 
Ledger” (Fig. 3 and 4) are given below. 


Date 


For expenditures, enter the date of 
payment; for other entries, the date of 
the entry. 


Description 


Show to whom and for what payment 
is made. 


( k. \ 

Knter the check number it payment is 
made by check; “C” if payment is by 
cash; “AP” (accounts payable) or 
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“NP” (notes payable), if payment is not 
made at time of entry. 


Total Amount 


Enter the total of each expenditure. 
The subamounts distributed in subse- 
quent columns must total to this amount. 


IVater Source, Pumping and Purification 
Expense 


In the subcolumn “Labor,” enter the 
cost of labor taken from the “Weekly 
Labor Report” (see p. 491). 

Under “Materials & Supplies,” enter 
the cost of materials and supplies pur- 
chased for the operation, repair or main- 
tenance of the water source, pumping and 
purification plant. Materials and sup- 
plies purchased for a particular job of 
replacement or new construction should 
not be included herein but in the appro- 
priate “Water Plant’? subcolumn of the 
disbursement ledger (see also Note 3, p. 
494). 

Under “Power or Fuei Purchases,” 
enter the cost of all electric power used 
for pumping or lighting the water source, 
pumping or purification plant and the 
cost of fuel (such as gas, gasoline, oil 
or coal) for engines used in connection 
with the water source, pumping or puri- 
fication plant. 

Under “Other Expense,” enter any 
other expenses in connection with the 
water source, pumping and _ purification 
not provided for elsewhere. 


Transmission and Distribution Expense 


In the subcolumn “Labor,” enter 
amounts for labor employed in the repair 
and maintenance of mains, services, 
meters, meter installations and fire pro- 
tection plant (hydrants) taken from the 
“Weekly Labor Report.” 

Under “Materials & Supplies,” enter 
the cost of materials and supplies used in 
the repair and maintenance of mains, 
services, meters, meter installations and 
fire protection plant (hydrants). If the 
materials and supplies are purchased di- 
rectly for a repair job, the cost thereof is 
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to be entered herein. If the items for 
repairs are taken from stock on hand the 
cost is to be entered in red in the water 
plant account column to which it was 
originally charged and entered in black 
in this column (see Note 3). Materials 
and supplies purchased for a particular 
job of replacement or new construction 
should not be included herein but in the 
appropriate water plant column. 


General Expense 


Enter under “Office Salaries” the sal- 
aries of officers and of employees devoted 
to the management of the company, the 
preparation and collection of bills and the 
keeping of the company’s books. 

Enter under “Other Gen’l Expense” 
those expenses not provided for else- 
where, such as insurance (including 
workmen’s compensation ), office supplies, 
postage, rent of offices and garages, sta- 
tionery, and the repair and maintenance 
of general equipment, including transpor- 
tation equipment. 


Water Plant 
The recommended plant accounts are: 


1. Organization 

2. Miscellaneous intangible plant (in- 
cluding franchises and consents) 

3. Land and land rights (including 
water rights ) 

4. Structures: 
ervoirs and standpipes 
(buildings and the like) 

5. Pumping equipment 

6. Purification system 

7. Mains 

8. Services 

9. Meters (including installation cost ) 

10. Fire protection plant (hydrants ) 

11. Transportation equipment 

12. Other general equipment 


springs and wells; res- 
other structures 


Columns have been provided for only 
the six plant accounts most commonly 
used. Additional space is available for 
the entry of costs in accounts other than 
those most commonly used. ‘This space 
is marked “Other Water Plant Installed” 
with subheadings of “Name of Account” 
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and “Amount.” Thus, if new construc- 
tion in a year involves costs applicable to 
several other accounts, all costs can be 
entered in these columns and the separate 
accounts summarized with ease at the end 
of the year. 

Materials and supplies purchased for a 
particular construction job involving the 
replacement of plant which is to be re- 
tired or the installation of new plant 
should be entered directly in the appro- 
priate subcolumn under “Water Plant.” 
This includes meters, which should be 
entered under “Meters” when purchased 
even though the meter is not installed 
until later. 

The cost of individual items of equip- 
ment of small value (for example, $10.00 
or less) or of very short life, including 
small portable tools and equipment, should 
not be charged to water plant accounts. 
These items should be charged to the ap- 
propriate expense account when purchased. 

Items costing $10.00 or more and 
which are retirement units in the water 
plant accounts (such as a hydrant, a 
valve or a length of pipe) should be 
charged to the appropriate plant account 
at time of purchase; except, of course, 
that items of a pure expense nature, no 
matter what the cost, should be charged 
to expense. (See also Note 3.) 

Wherever “original cost” is used in 
these instructions, it means the cost to 
the person or corporation first devoting 
the property to public service. 

Under “Organization” * enter the cost 
of organizing the company and putting 
it in readiness to do business. Do not in- 
clude any expenses in connection with the 
issuance and sale of stocks, bonds or 
other evidences of indebtedness. Do not 
include costs of organization for any 
predecessor corporation. 

Under “Franchises and Consents” * 
enter the amount actually paid to a mu- 
nicipality or other political subdivision 
for a franchise or consent, together with 
the actual necessary expenses incurred in 
securing it. 


“Other Water Plant In 


Enter this account under 


stalled.” 
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Under “Land and Land Rights” * enter 
the original cost of land, rights-of-way 
and water rights used in rendering water 
service to the public. 

Under “Structures: Springs & Wells” * 
enter the original cost of structures built 
to develop springs and wells. Do not in- 
clude the cost of springs themselves, as 
this should be included in “Land and 
Land Rights.” 

Under “Structures: Reservoirs & 
Standpipes” * enter the original cost of 
reservoirs, standpipes and elevated tanks, 
together with all appurtenances such as 
yard piping, control valves and automatic 
control apparatus. This account also in- 
cludes fences protecting the land upon 
which these structures are located. 

Under “Other Structures” * enter the 
original cost of other structures used in 
water operations, such as pumping sta- 
tions, purification buildings, garages, of- 
fice buildings and storehouses. 

Under “Pumping Equipment” * enter 
the original cost of all pumps, together 
with the motors or engines used to drive 
them. This account includes the cost of 
all piping and valves within the pump- 
house, all control apparatus used in con- 
nection with the pumps and the cost of 
foundations for the pump and motor, as 
well as all yard piping connecting pumps 
to mains. 

Under ‘Purification System’ * enter 
the original cost of all purification appa- 
ratus, such as coagulation basins, filters, 
clear wells and chemical treatment appa- 
ratus. Also included herein is all yard 
piping used in connection with the puri- 
fication system. 

Under “Mains,” enter the original cost 
of all mains used in the transmission and 
distribution of water to customers. Yard 
piping used in connection with reservoirs 
and standpipes, pumping equipment and 
the purification system should not be in- 
cluded in this account but in the appro- 
priate account above—for example, under 
“Pumping Equipment.” 


* Enter this account under “Other Water Plant In 
stalled.” 
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Under “Services,” enter the original 
cost of materials used and labor involved 
in installing the service pipe and its ap- 
purtenances (usually from the main to 
the property line). Do not include any 
costs for services which were reimbursed 
to the company by the customer or to 
which title is not vested in the company. 

Under “Meters,” enter the original cost 
of all meters purchased. The cost of the 
first installation of a meter may be in- 
cluded in the cost of the meter to be re- 
tired with it, or, preferably, the cost of 
installing may be charged to expense 
when incurred. A uniform policy should 
be adopted on the installation costs of 
small meters; that is, either all installa- 
tions should be charged to expense or all 
installations should be included as part of 
the cost of the meters. 

In the installation of large meters, 
when excessive cost is involved (such as 
the construction of a vault or rearrange- 
ment of the customer’s piping to accom- 
modate the meter) the cost can be in- 
cluded in this account, but a record should 
be kept of the cost of installation at each 
location so that it can be retired when the 
installation is abandoned. It is suggested 
that the cost of installation be noted on 
the “Customer Record” sheet, on the line 
provided for the customer, in the spaces 
where flat-rate fixtures would be listed. 

Do not include the cost of removing 
or resetting meters for tests or repair, 
as such costs properly belong under 
“Transmission and Distribution Expense 
—Labor.” 

Under “Hydrants,” enter the original 
cost of hydrants, the tee on the main, the 
branch pipe leading from such tee to the 
hydrant and any valves installed on the 
hydrant branch. 

Under “General Equipment,” enter in 
the “Transport” subcolumn the original 
cost of trucks and automobiles used in 
water plant operations. Under “Other,” 
enter the original cost of all other gen- 
eral equipment, such as office equipment, 
tapping machines, thawing equipment and 
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pipe locators. Items of small value (for 
example, $10.00 or less) and small port- 
able tools easily lost or stolen should not 
be charged to this account but to the 
appropriate expense accounts when 
purchased. 
Depreciation Reserve 

Enter, in black, the amounts of plant 
removal labor (from the “Weekly Labor 
Reports”) and water plant retirements ; 
and, in red, the salvage or trade-in value 
on items retired when replacement items 
are purchased. (See Note 4, p. 494.) 


Taxes 

Under the subheading “General,” enter 
iederal, state, county, municipal and other 
taxing-district taxes, including withhold- 
ing taxes, unemployment and social se- 
curity taxes. (Exclude income, excess- 
profits and capital-stock taxes.) 

Under the subheading “Income,” enter 
the amounts paid for taxes on net income, 
excess profits, undivided profits, excess 
dividends and capital stock. 


Notes and Accounts Payable 


The amount of notes given for other 
than cash should be recorded in red in 
the “Notes and Accounts Payable”. col- 
umn and distributed to the account or 
accounts associated with the items for 
which the note was given. Payments on 
such notes should be recorded in black in 
the “Notes and Accounts Payable” col- 
umn. Notes given for cash should be 
recorded under “Other Receipts” in the 
revenue summary (see p. 490). 

At the end of the year unpaid current 
bills should be entered in the disburse- 
ment ledger. To do this, enter each such 
bill in the “Description” column; note 
“AP” in the “Ck. No.” column; dis- 
tribute the bill to the proper expense or 
water plant columns; and enter the 
amount of the bill, in red, in the “Notes 
and Accounts Payable” column. Mark 
such bills “Distributed” to avoid dupli 
cate distribution when bills are paid. 
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Later, when the bills are paid, make simi- 
lar entries in the “Description” column; 
note the check numbers or “C” (for 
cash) in the “Ck. No.” column; enter the 
amount paid in the ‘Total Amount” col- 
umn; and, in the “Notes and Accounts 
Payable” column, enter the amount i 
black. At the end of the year the net 
difference between black and red entries 
in the “Notes and Accounts Payable” 
column will represent the change in notes 
and accounts payable during the year. A 
black net total at the end of the year will 
indicate a reduction and a red net total 
an increase in notes and accounts payable, 
as compared with the notes and accounts 
payable at the end of the previous year. 
If both notes and accounts payable are 
involved it will be necessary to analyze 
the column entries to obtain a segregation. 


Interest 


Enter interest paid on notes, bonds and 
the like. 


Dividends 


Enter dividends paid and (if unincor- 
porated) withdrawals by proprietor other 
than salary. 


Miscellaneous 


Enter any payments not provided for 
elsewhere. (See also instructions cover- 
ing “Deposit” on “Customer Record 
Page,” p. 484.) 


Operating Revenues Summary 


At the end of each billing period (but 
at intervals of no longer than six months ) 
total the “Customer Ledger—Current 
Billing Page” columns for the period just 
ended, carrying forward page totals at 
the bottom of the page so that the totals 
on the last page will be the totals for the 
period, and transfer these totals to the 
corresponding columns of the “Operat- 
ing Revenues Summary.” This form 
(Fig. 5) provides a periodic and yearly 
summary of billing to, payments by, and 
accounts receivable from, customers. 
The column headings on this form are 
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the same as those on the customer ledger 
form. 

Proof of the mathematical accuracy of 
the totals of each page of the customer 
ledger and of the periodic totals carried 
from the last page of the customer ledger 
to the operating revenues summary may 
be determined by making the following 
checks: “Balance Due” plus ‘Metered 
Sales” plus “Unmetered Sales” plus 
“Sales for Public Fire Protection” plus 
“Other Operating Revenue” equals total 
billing; total billing minus ‘Discounts 
and Adjustments” minus payments dur- 
ing the period equals “Balance Due” at 


Name Ahn Thomas 
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tomer ledger to the following year. Any 
amounts that have been written off as 
uncollectible and are later collected should 
be entered in the revenue summary as 
“Other Receipts.” A memorandum rec- 
ord should be made of uncollectible ac- 
counts and followed up for payment. 


Salary and Wages Summary 

Each page of the “Salary and Wages 
Summary” (Fig. 6) provides for four em- 
ployees. At the top of the form enter the 
employees’ names, addresses and_ social 
security account numbers. Each week’s 
payroll will require one line across the 


TOTALS 
Address | of ALL EMPLOYEES 
8. 8. No. (ol-102-857 \ 
Week Tax Ded. Net ( Tax Oed. Net 
Ending | Wages |0.A.8. |With’ing, Pay | Wages \ Wages | 0.4.8. |Withing) Pay 


12-18-45| Joe, 26 
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the beginning of the following billing 
period. 


Uncollectible Operating Revenues 


At the end of the year review the bal- 
ances due from customers for the purpose 
of determining which amounts are un- 
collectible. Indicate these amounts by a 
red line around them, add them together 
and enter the total in the uncollectible 
column of the operating revenues sum- 
mary in line with the last entry for the 
vear. Do not include the amounts deter- 
mined as uncollectible in the total of bal 
ance due (amounts receivable from cus 
tomers) at the end of the year when that 
balance is carried forward in the cus- 


Salary and 


Wages Summary 


form. For each employee, enter every 
week the amount of his wages (before 
any tax deductions), the deduction for 
social security tax, the withholding in- 
come tax and the net pay. In the columns 
at the right of the form enter the totals 
of these four items for all employees. 
Thus, the monthly and quarterly totals 
required for old-age benefits and un- 
employment insurance tax reports are 
made available. 

The disbursement ledger record of a 
week’s payroll may be made in one entry 
by entering “Payroll week ended (date)” 
in the “Description” column, the total 
“Net Pay” amount in the “Total” column 
and the total “Tax Deduction” in red in 
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the “General Taxes” column; the total 
wages amount is distributed to the proper 
maintenance, operation and water plant 
account columns. When the quarterly 
old-age benefits tax payment is made, 
enter the entire amount in the “General 
Taxes” column in black, and enter the 
same amount, of course, in the “Total” 
column. By this method, the total wages 
are distributed to the proper accounts 
and the net charge to taxes is only the 
portion (one-half) of the tax payment 
to the government since the red entries 
in the “General Taxes” column for em- 
ployee deductions offset half of the black 
entries therein for this tax. 

When payment is made to the govern- 
ment for the amount of income taxes 
withheld, the entire amount should also 
be entered in black in the “General 
Taxes” column. However, income tax 
withholdings for the last quarter (or the 
last month if withholdings are $100 or 
more per month) generally are not paid 
until January of the following year. 
Thus, for red entries in the “General 
Taxes” column representing income tax 
withholdings which are not paid until the 
following January, there is no offsetting 
black entry in the year. This deficiency 
can be overcome by making the following 
entry on the last page of the disbursement 
ledger before making the column totals 
for the year: 


Column Entry 
Date December 31 
Description U. S. Treasury—income taxes 
withheld 
Ck. No. AP [Accounts Payable] 
Total {No entry] 


[Enter in black the amount of 
income taxes withheld in the 
year but not paid to the gov- 


General Taxes 


ernment] 
Notes and Accounts [Enter in red the same amount 
Payable as the above black entry in 


“General Taxes’’] 


When payment to the government is 
made the following January (covering 
the balance of employees’ income taxes 
withheld the previous year), record it in 
the disbursement ledger in the usual man- 
ner, entering the amount of the check in 
the “Total” column and the same amount 


in black in the “Notes and Accounts Pay- 
able” column. 

As stated previously, the total of the 
column “Notes and Accounts Payable” 
represents the change therein during the 
year, a black total meaning a reduction 
and a red total meaning an increase in 
notes and accounts payable, as compared 
with the total at the end of last year. 


Weekly Labor Report 

The “Weekly Labor Report” (Fig. 7) 
is used only by employees who are en- 
gaged entirely or partly in the operation, 
maintenance or construction of water 
plant. Each such employee shall fill in 
each day the distribution of his time for 
the day and turn in the report to the office 
at the end of the week. Directions for the 
distribution of time are set forth below 
and also will be found on the cover of the 
weekly labor report container. 

The office will summarize the hours in 
each column and multiply the hours de- 
voted to each class of work by the hourly 
rate, entering such amounts in the last 
line of the’ form. The total of these 
amounts, entered in the space in the lower 
right-hand corner, will be the employee's 
weekly wage. 

Weekly labor reports should be placed 
in the binder provided for that purpose 
and kept as a permanent record. 


Oper. & Maint. Labor 


Under “Water Source, Pump[ing] & 
Purif[ication],” enter the number of 
hours devoted to repairing, operating and 
maintaining all water plant in this cate- 
gory, such as dams, reservoirs, springs, 
wells, pumping equipment, filters and so 
forth. 


Likewise, under “Trans[mission] & 


Distrib[ution],” enter the hours devoted 
to repairing, operating and maintaining 
mains, services, meters, meter installa- 
tions and fire protection plant (hydrants). 


Water Plant 


First indicate in one of the blank col- 
umns the appropriate plant account and 
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then enter in that column all the labor 
time involved in new construction or 
plant replacement pertaining to that 
account. 


Plant Removal Labor 


Enter the labor time involved in re- 
moving retired plant and equipment. 


Office Salaries 


Enter the salaries of officers and em- 
ployees connected with the management 
of the company, keeping books and pre- 
paring bills. 


Plant Installed and Retired 


The record of plant installed and re- 
tired on the reverse side (Fig. 8) of the 
weekly labor report is for the dual pur- 
pose of compiling the annual report to 
the Public Service Commission and _ the 
annual state special franchise tax report. 
It is also used for preparing the plant 
retirement entry for the disbursement 
ledger. 

In the “Material Installed” and “Mate- 
rial Retired” spaces, record the quantity 
or items in each of the accounts noted. 
Blank spaces are provided for entries af- 
fecting other accounts. For mains, 
record the number of feet of pipe by size 
and kind. For meters, record the num- 
ber, size and make; for services, record 
the length, size and kind of pipe, ineclud- 
ing corporation stop, curb stop and box; 
and tor hydrants, record the make and 
size, the size and length of the branch, 
valve and box, and the size of the tee. 

For simplicity of handling, in this ac- 
counting system it is recommended that 
new plant units and retirement units in 
the major accounts be recorded as fol- 
lows: 


1. Compensation insurance. Compen- 
sation insurance premiums when paid are 
to be entered in disbursement ledger col- 
wun, “Other General Expense,” in black. 
At the end of the year the portion of the 
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1. Mains—each length (usually not 
less than 12 ft.), each valve 

2. Meters—each meter by size, includ- 
ing the installation cost if desired 

3. Services—the complete service line 
(company-owned portion), including cor- 
poration stop, curb stop and box 

4. Hydrants—each hydrant, each 
branch line (including tee), each. valve 
in the branch line 


If the plant installed in any period at 
one location is less than the quantities 
noted above, the cost involved should be 
charged to expense. So also, if the units 
retired are than the units recom- 
mended, no retirement entry would be 
involved. 

In the “Material Retired” portion, a 
column is provided to record usable 
material (included in the plant retired )— 
that is, material sufficiently good to be 
reused. 

The method of summarizing these re- 
ports to account for plant additions and 
retirement is discussed in Note 4. 

It will be seen that the “Material In- 
stalled” columns provide for noting the 
cost of items installed. The cost data, 
however, need only be entered when ma- 
terial is taken from stock (having previ- 
ously been charged to water plant) and 
used for a repair or maintenance job. 
When each such job is finished, the total 
cost of material used from stock, shown 
on these reports, should be credited to the 
appropriate water plant accounts in the 
disbursement ledger and charged to the 
proper expense accounts. No _ figure, 
however, should be entered in the “Total” 
column in the disbursement ledger when 
these debits and credits are entered, but 
an explanation should be entered in the 
“Description” column. 


less 


premium applicable to reconstruction or 
new construction is to be distributed to 
the appropriate plant accounts, based on 
the hours of labor for the year (from 
the weekly labor sheets) that were spent 
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on reconstruction or new construction. 
The total so distributed is to be entered 
in red in the disbursement ledger column 
“Other General Expense” and black en- 
tries made in the plant account columns. 

2. Contributions in aid of construction. 
Water plant contributed to the utility 
(water company) or constructed by it 
from contributions of cash or its equiva- 
lent should be charged to the water plant 
accounts at cost to the utility (that is, the 
actual cost less the portion thereof con- 
tributed by or on behalf of customers). 
When a contribution of labor or material 
is made by a customer or a federal, state 
or municipal body, this fact should be 
noted by entering the details on the 
weekly labor sheets. 

When a contribution in cash is re- 
ceived from a customer or any federal, 
state or municipal body, the money re- 
ceived should be entered on the operating 
revenues summary sheet under “Other 
Receipts,” with an appropriate explana- 
tion. At the end of the vear the amount 
received is to be deducted from the bal- 
ance in the water plant account to which 
the contribution applied. This can be 
done before plant retirements are entered. 

3. Disbursement ledger—materials and 
supplies. In this system, no materials 
and supplies account is kept, but rather 
purchases of materials and supplies are 
charged directly to appropriate expense 
or water plant accounts at the time of 
purchase. For some items of material, 
it may be necessary to estimate a distri- 
bution of the cost between maintenance 
materials and supplies, and water plant 
accounts. 

Items purely of an expense nature, no 
matter what the cost, are to be charged 
to expense. Except for service line ma- 
terial (which is to be charged to “Serv- 
ices”), items costing less than $10.00 
should be charged to the proper expense 
account. 

If an item of water plant is installed 
which is less than the units listed under 
“Plant Installed and Retired” (p. 493) 
the cost of the material used is to be en- 
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tered in red in the plant account where 
originally charged, and in black in the 
appropriate expense column. 

When this system is introduced, an in- 
ventory of materials and supplies on hand 
should be made, divided between mainte- 
nance materials and plant materials asso- 
ciated with each water plant account. 
The inventory should then be priced at 
undepreciated original cost and the 
amounts entered in the respective col- 
umns in the disbursement ledger. On the 
same disbursement ledger line enter in 
the “Misc.” column in red the total of 
the subamounts of materials and sup- 
plies. Thus the balances in the water 
plant accounts will represent both plant 
in service and materials and supplies on 
hand, exclusive of those charged to oper- 
ation and maintenance. 

Items charged to water plant accounts, 
in accordance with the above instructions, 
and not immediately installed are to be 
entered also in a materials and supplies 
inventory, which should be checked an- 
nually. Retain all invoices and bills as 
a permanent record. 

4. Disbursement ledger—plant_ retire- 
ment entry. Only one disbursement led- 
ger entry, at the end of the year, is made 
for plant retired, whether removed or 
abandoned and left in place (except that 
retirements of general equipment should 
be entered at the time of the retire- 
ment). No week-by-week summary of 
plant installed and retired as recorded on 
the reverse of the weekly labor report is 
maintained, but at the end of the year 
such units of property should be sum- 
marized by plant accounts; also sum- 
marize the items of recovered plant mate- 
rial indicated as reusable. Indicate on 
the weekly labor sheets, at the time of 
sale, any sum received as salvage. To 
the summary lists of plant units retired, 
units junked and installations removed 
or abandoned, apply original-cost unit 
prices and from such totals (by plant ac- 
counts) deduct the original cost of re- 
usable material. The remainders will be 
the credits to water plant accounts for 
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plant retired during the year. Record 
these amounts in red in the corresponding 
water plant account column in the dis- 
bursement ledger, put the total of such 
amounts in the depreciation reserve col- 
umn im black and note in the description 
column: “Water plant retired during 
(year).” The sum received as salvage 
on items retired can be entered in total 
at the end of the year on the revenues 
summary sheet under “Other Receipts,” 
and should be entered in red in the de- 
preciation reserve column of the dis- 
bursement ledger after recording retire- 
ments as above outlined. 

To record purchases of general equip- 
ment or any other item of water plant on 
which a trade-in allowance is received 
for retired equipment, enter the net cash 
cost in the “Total” column, the full cost 
in the appropriate water plant column 
and the amount of the trade-in allowance 
in red in the Depreciation Reserve col- 
umn. To record the retirement of the 
above items, enter the full original cost 
in red in the appropriate water plant col- 
umn and the same amount in black in the 
depreciation reserve column. 

5. Proof of disbursement ledger en- 
tries. Each entry in the disbursement 
ledger must balance within itself—that is, 
the subamounts distributed in the various 
columns must total to the amount of the 
expenditure. Certain entries will include 
subamounts in red in some columns. 
These entries should balance by deduct- 


ing the red subamounts from the black 
subamounts. Similarly, in totaling each 
page, the red entries in a column are to 
be deducted from the black entries to ar- 
rive at the net column total. The grand 
total of all distribution column totals at 
the bottom of each page should equal the 
“Total” column total. This check is to 
be made before carrying column totals 
forward to the top of the next page. As 
the disbursement ledger records only 
changes in accounts during the year, no 
balances are carried forward from the 
last page of one year to the first page 
of the next year. 

6. Proof of cash balance. The cash 
balance may be checked at any time in 
the following manner: Bank balances 
(less outstanding checks) at beginning 
of year plus cash on hand at beginning 
of year plus revenues summary “Pay- 
ments During Period” so far this year 
plus revenues summary “Other  Re- 
ceipts” so far this year minus total of 
disbursement ledger “Total” column 
equals cash balance at present. 

The cash balance at present is com- 
posed of the bank balance (less outstand- 
ing checks) and cash on hand. 

7. Adjustments. Adjustments between 
accounts and corrections of errors on 
previous pages in the disbursement ledger 
should be made by a new entry of the 
amount of the transfer or correction. In 
this manner, the totals of previous pages 
are not affected. 
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OST engineering is the coordinat- 

ing tie between planning, estimat- 
ing, cost accounting, general account- 
ing and cost reporting to management. 
It is rapidly gaining recognition as a 
factor in and an aid to the more exact 
determination and analysis of costs in 
businesses which are highly competi- 
tive and fluid in their operations. The 
need for this more positive type of 
coordinated control and analysis of 
costs on large projects became very 
evident during the last war. Marv 
contractors had numerous projects 
under a single contract, were spending 
money at a high rate under rapidly 
changing cost conditions and were at 
the same time expected to maintain 
control of the costs. The old system 
employed by most contractors of ac- 
counting for cash transactions in the 
main office and having the superin- 
tendent on the job keep his own ac- 


Cost Engineering in Water Utilities 
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count of the progressive cost of the 
work was useless under the new order 
of things, with complex and unusual 
requirements in the methods for dis- 
tributing equipment, overhead and 
other charges. The functions of the 
accountant, cost accountant and esti- 
mator required centralized control. 

In the business world cost engineer- 
ing is taking its place with manage- 
ment. It begins with the planning 
estimating, budgeting, and program- 
ming of work, expenditures and plant 
expansion. It furnishes the necessary 
classification of accounts to record the 
costs in such a form that they can be 
analyzed and correlated with the evo- 
lution of the program. It provides 
the control of cost data which reveal 
possible means of effecting savings in 
costs and improvements of methods. 
Finally, it produces financial data of 
real significance to management. 


Principles of Utility Cost Engineering 


The life of most industries is de- 
pendent upon accurate accounting 
and analysis of costs. Public utilities, 
although not under the pressure of 
competition, must nevertheless prac- 
tice economies to avoid having to 
charge excessive rates. There is a 
definite practical value in cost control 
and savings in construction work. 
Utilities have a larger capital invest- 
ment in proportion to revenues and 
profits than do most other businesses, 


and construction work consequently 
plays a large part in the operation and 
expansion of the plant. Municipally 
owned utilities are continually harassed 
by problems arising out of the need 
ior new facilities. The mounting 
number of services which the public is 
requiring of its governmental bodies 
pyramids the cost of government and 
makes it increasingly difficult to pro- 
mote bond issues for utility improve- 
ments. As a result, it has become 
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more desirable to have the utility draw 
up a program for its construction work 
and finance it out of revenues. By 
developing a master plan and schedul- 
ing the work and revenues required, z 
fixed amount can be set aside each 
year in a sinking fund for future con- 
struction purposes. This sum, to- 
gether with the operating and main- 
tenance replacement expense 
and other charges, depending on the 
ownership, constitutes the total reve- 
nue required, and a schedule of rates 
to meet this demand can be estab- 
lished. 

Cost engineering in the utility field 
comprises not only long-range con- 
struction cost programming but also 
cost analysis and control of the normal 
and special construction work, main- 
tenance and operating expenses, rate 
schedules and reports. 


costs, 


Budgetary Control 

The development of a water system 
can be compared with a large project 
under construction over a long period 
of years. It is possible, with some de- 
gree of accuracy, to forecast the de- 
velopment in the area served and there- 
by design the principal pipelines for 
the system and facilities to meet the 
ultimate needs. Such a master plan 
is not only useful for budgeting needs 
but also assists materially in selecting 
sizes of mains to be installed and in 
making provisions at intersections for 
future connections. This master plan 
should cover only those facilities whose 
cost is greater than can be included in 
the annual allowance for normal ex- 
pansion—teservoir sites, dams, trans- 
mission lines, large feeder mains, 
treatment plants, pumping plants, 
tanks, wells, office buildings and other 
costly items generally constructed as 
single projects. The cost of each 
should be estimated and the approxi- 
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mate date for its need forecast. The 
average annual amount to be accu- 
mulated can then be determined. The 
construction program will not exactly 
fit the accumulation of funds but 
changes can usually be made in sched- 
uling the work to accommodate the 
finances, unless costly facilities are 
needed at the beginning of the pro- 
gram. If so, and a bond issue is 
necessary, the annual interest and re- 
demption charges can be substituted 
in the budget for the item. When 
possible, the annual amount to be ac- 
cumulated should be charged against 
revenues and entered in a sinking fund 
for future construction, being held as 
cash or readily convertible investments. 
Privately owned utilities may prefer 
a memorandum schedule of the pro- 
spective amounts to be raised as a 
guide to management for future bond 
and stock issues. This construction 
budgeting does not begin and end 
with the fiscal period but is a continu- 
ing process perhaps fifty years in dura- 
tion. The entire scheme must be re- 
viewed periodically and changes in 
items of construction should be made 
to meet the needs as they develop or 
can be anticipated. The correspond- 
ing estimated costs and budgeting 
amounts should also be revised ac- 
cordingly. 


Construction Work 


Cost engineering on construction 
projects begins with a study of the 
engineering plans to attempt to an- 
ticipate the methods of construction. 
The project is divided into the con- 
struction units that the contractor uses 
for preparing a bid sheet, and the cost 
is estimated for each unit. Before 


construction begins a classification of 
accounts is prepared, patterned after 
the bid sheet and including a descrip- 
the work to be ascribed to 
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each account. During construction all 
labor, equipment and material costs 
are charged to the proper account and 
the accounting is kept up to date on 
a daily or weekly basis. Periodically, 
during the course of construction, re- 
ports are prepared showing the actual 
cost of labor, material, equipment and 
overhead charges of the portion com- 
pleted, the estimated cost of the re- 
mainder of the project and the prob- 
able total cost. All costs are analyzed 
by someone thoroughly familiar with 
the construction details and the cost 
accounting. Upon completion of the 
project a report is prepared for analy- 
sis and future reference, including not 
only a description of the work and 
methods employed but also the unit 
costs for each element of construction. 
This practice is essential in large-scale 
construction projects and in principle 
is useful for cost analysis on smaller 
jobs when detailed costs are desired. 

Most construction work in water 
utility expansion and replacement in- 
volves a series of separate pipelines. 
The general practice is to assign a 
work order number to the job and 
accumulate the costs in the subaccount 
under construction work in progress, 
transferring the total amount to the 
proper plant account upon completion. 
This procedure is usually sufficient 
since some further breakdown of the 
labor, equipment, and materials is 
available from the work papers used in 
making labor and equipment charges 
and from material requisitions. If a 
detailed cost analysis is to be made to 
study differences in costs through the 
use of different materials and equip- 
ment, a more elaborate classification of 
accounts provides the only correct 
means of approach. For example, if 
detailed costs are desired on a pipeline 
job, a classification of accounts similar 
to the one below could be used: 
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Work Order 105—Construction of Pipeline 
on Main St. 
105.11—Pipe 
105.12—Fittings 
105.13—Valves 
105.14—Jointing Material 
105.15—Breaking Pavement 
105.16-—-Hand Excavation 
105.17—Machine Excavation 
105.18—Hauling Pipe to Job 
105.19—Laying Pipe 
105.20—Making Joints 
105.21—Backfill (Hand) 
105.22—Backfill (Machine) 
105.23—Replacing Surface 
105.24—Cleanup 
105.25—Maintenance of Ditch 
105.26—Superintendence 
105.27—-Overhead 

A further, or only partial, break- 
down may be made, depending upon 
the desired information. For each 
subaccount there should be a clear-cut 
description of the actual work to be 
included and how the charges shall be 
made for idle equipment and_ other 
items which require judgment in al- 
locating. The time of labor and equip- 
ment should be kept by a timekeeper 
who is not otherwise associated with 
the job. 

If only partial costs are desired, 
such as the cost of making the joints, 
and there are no other factors in- 
cluded, an analysis does not require 
a complete set of accounts and can be 
accomplished without a direct tie-in 
to the accounting. 


Operating Expenses 


Although many economies in main- 
tenance and operating expenses can be 
effected by developing shortcuts and 
time-saving devices, it is, nevertheless, 
essential to have some means of re- 
flecting these savings in terms of dol- 
lars and cents and to provide a basis 
for comparing corresponding expenses 
with other utilities. To accomplish 
these ends, it is necessary to adopt a 
classification of accounts in order to 
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separate the expenses into units of ac- 
counting significance, ‘That system of 
classification should be chosen which 
best fits the operations of the utility, 
consistent with uniform accounting 
practices; and it should be paralleled 
by engineering statistics for items 
which lend themselves to analysis and 
comparison. 


Reports 


The financial data shown in annual 
reports should always be the costs as 
accumulated under the accounting and 
cost accounting systems. Small utilities 
often report costs computed independ- 
ently of the accounting system. These 
costs, though accurately kept, do not 
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include indirect charges and distribu- 
tion of other costs. They are, there- 
fore, incomplete and do not reflect a 
true picture. 

Operating expenses should be shown 
by annual accounts so that compari- 
sons may be drawn. All unusual work 
should be described and reasons for 
increases and decreases analyzed. 
Whenever possible, unit costs, such as 
costs per million gallons produced, cost 
per leak repaired or meter overhauled 
and the like, should be shown. The 
costs of operation should be accom- 
panied by sufficient statistical data, 
shown in figures or graphically, to pre- 
sent a true picture of the work done 
and the associated expense. 


Application of Principles 


The water department of Santa 
Cruz, Calif., serves a population of 
30,000, of which two thirds reside in 
the city, the remainder living in the 
fringe area. The water supply is ob- 
tained from coastal creeks and from 
the San Lorenzo River. The creek 
water, totaling approximately 2.5 mgd., 
is conveyed to the city system through 
15 miles of transmission lines. The 
river water is diverted at a point in- 
side the city and is treated and pumped 
into the system. The original cost of 
all the facilities as reflected in the books 
was $2,500,000, and the depreciation 
reserve book figure is in excess of 
$1,500,000. The annual income is 
$220,000, of which $100,000 is used 
for maintenance and operating ex- 
penses, exclusive of depreciation; 
$100,000 is required for replacements 
and expansion; and $20,000 goes to- 
ward redemption and interest on out- 
standing bonds. As a result of many 
years of political engineering and be- 
cause of war-deferred replacements, 
many of the large and costly facilities 
need replacement in the early future. 


A master plan of the system has 
been prepared with pipeline sizes de- 
signed for saturated development and 
is used as a guide in determining re- 
placement pipe sizes. In addition, the 
large facilities requiring construction 
and replacement in the next 20 years 
have been listed and the costs esti- 
mated, the total being approximately 
$1,500,000. Concurrently a study is 
being made by the California Div. of 
Water Resources of the possible local 
water supplies which might be de- 
veloped in the county. When the re- 
port is complete and the development 
to be undertaken by the city is decided 
upon, the work and cost program for 
these projects will be determined. In 
the meantime a study is being made of 
the possibility of increasing the now 
extremely low rates sufficiently, without 
overburdening the customers, to fi- 
nance the construction program out of 
revenues. 

The water department has a field 
crew of 25 men to do all the main- 
tenance operation and normal con- 
struction work. Large projects are 
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constructed under contract. The 
equipment used is owned by the de- 
partment and is maintained and ser 
iced by the city garage. 

A new accounting system, substan- 
tially in accordance with the procedure 
and classification of accounts in the 
Manual of Water Works Accounting, 
was installed less than two years ago. 
A corresponding system of work or- 
der procedures was established to pro- 
vide direct control of the work done 
by the field men and to establish the 
means of making charges. The engi- 
neering, accounting, maintenance, oper- 
ation, stores, management and cus- 
tomer billing and collecting are directly 
under the superintendent, who in turn 
reports to the city manager. 

All field work begins with written 
instructions (accompanied by engineer- 
ing drawings for construction work) 
on work and service order forms cov- 
ering construction and retirement work, 
service and hydrant installation, and 
miscellaneous items. Emergency work 
orders—covering the repair of leaks, 
for example—may originate in the 
office or with the general foreman. In- 
dividual job costs are kept on con- 
struction and retirement work orders, 
and work on other orders is charged 
directly to the designated account. 
Time sheets are turned in daily, show- 
ing the hours worked by each man and 
the hours for each piece of equipment 
used on each work order or account. 
Material is obtained from stores by 
requisitions, indicating the work order 
number or account on which the ma- 
terial is to be used. The men’s time 
and the materials drawn are posted 
daily and the cost accounting is done 
at the end of the month. 


Stores Accounting 
Stores expense, labor, salaries and 
equipment are handled through clear- 
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ing accounts. Stores expense includes 
the time charged by the storekeeper 
(who also does meter repair and shop 
work) in receiving, storing and issuing 
material, as well as the purchase of 
small tools and other items which can- 
not be charged directly to an account 
or are of little cost and difficult to 
charge out. These expenses are dis- 
tributed by adding 5 per cent to the 
material costs as storesexpense. In or- 
der to spread the vacation, sick leave and 
holiday pay to the job and operating 
expenses, the entire payroll is debited 
to a clearing account. Office salaries 
are allocated in their actual amount to 
the proper accounts. The average num- 
ber of actual working hours per month 
for field men has been estimated and 
their monthly salaries have been di- 
vided by this number to establish 
hourly rates to be used in making 
charges. The costs of repairs servic- 
ing, gasoline and oil and accessories 
for equipment are billed from the 
garage monthly and are debited to the 
clearing account for equipment. Other 
expenses and depreciation also are 
debited to this account. Hourly rates 
for charging the equipment to the jobs 
have been designed to clear out the 
equipment expense, including depreci- 
ation. 

All stores accounting is done in the 
main office. The storekeeper receives 
copies of the purchase orders and 
makes out receiving reports as the ma- 
terial comes in, as well as requisitions 
for withdrawals and credit slips for 
returns. The accountant maintains 
the perpetual inventory in the office in 
a loose-leaf, visible-index binder. This 
record includes outstanding orders, re- 
ceipts of material, withdrawals and 
balances on hand, unit costs computed 
by the weighted-averaged method, and 
minimum and maximum figures as a 
guide for ordering. Field checks are 
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made to reconcile the differences he- 
tween the book and actual material on 
hand. The perpetual inventory, the 
purchase orders, receiving reports and 
the material requisitions are the com- 
plete stores records, 


Summaries and Reports 


As mentioned above, the accountant 
makes the distribution of expenses 
monthly. Since it is necessary to have 
the inventory record up to date, the 
prices are marked on the requisitions 
at the time the material quantities are 
posted. At the end of the month the 
requisitions are segregated by job 
number and accounts, and attached to 
an adding-machine tape showing the 
amount to be charged. The hours for 
the workmen and equipment are mul- 
tiplied by their respective rates and 
tabulated on work sheets by job num- 
bers and accounts. These data are 
then entered in a book called the cost 
distribution ledger which has columnar 
pages with headings for work order 
and account numbers, labor, equipment, 
material, stores expense, subtotal, 
overhead, total and four control ac- 
counts—utility plant, construction work 
in progress, retirement work in prog- 
ress and operating expenses. The hori- 
zontal summation gives the amount to 
be debited to the plant and expense ac- 
counts, and the vertical summation, the 
total to be credited to the clearing ac- 
counts. A journal entry is made, 
showing the total charges to each ac- 
count and subaccount, with credits to 
the clearing accounts and to materials 
and supplies. Overhead is charged at 
the rate of 15 per cent—which includes 
retirement plan costs—to all plant 
and construction-work-in-progress ac- 
counts, and the total 1s credited to the 
expense account for general office 
salaries and expenses. The latter prac- 
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tice is used for simplicity but is perhaps 
subject to criticism. From the journal 
the amounts are posted to the general 
ledger. The only remaining book is the 
register for listing the payroll, war- 
rants issued in payment of materials, 
and other items, such as office supplies, 
which are purchased directly for an 
account. Each month the warrants are 
summarized in the same way as a 
check register and are journalized and 
posted to the general ledger. [Before 
construction work orders are trans- 
ferred to the plant account, the costs 
are broken down into labor, equipment 
and material, using information easily 
obtained from the cost distribution 
register. Unit costs are then com- 
puted and the data filed. 

The cost accounting system outlined 
above is relatively simple and requires 
a minimum of time to operate. Control 
is maintained by having all original 
documents pass over the desk of the 
superintendent, who signs work orders, 
requisitions for purchases and time 
sheets. Receiving reports and requisi- 
tions for material charge-outs also pass 
over his desk for distribution. In this 
way the control is centered in one place. 

Financial reports are prepared 
monthly to show the total of operating 
expenses and capital outlays for the 
period and a comparison with the same 
month of the previous year. A trial 
balance is prepared quarterly and the 
detailed expense accounts are studied 
for the current year and in comparison 
with the previous year. The annual 
report gives a complete summary of 
costs, with a general description of the 
content of costs by accounts, as well 
as explanations for unusual expendi- 
tures. The entire program has been 
in effect for less than two years and 
changes will be made from time to 
time as required. 


> 
4 
q 
> 


Procedure for Obtaining Rate Increases 
By Henry B. Steeg 


A portion of a paper presented at the 1948 Indiana District Water 
Works Meetings by Henry B. Steeg, Cons. Engr., H. B. Steeg & 


Assoc., Indianapolis, Ind. Reprinted from the April 1949 issue (Vol. 
8, No. 1) of The Waterspout by permission of the Indiana State Board ; 


of Health. 


Although prepared for an Indiana audience, it ts believed 


that the procedure described in this paper, and in the accompanying 
Discussion, has general application to water utilities throughout the 


United States. 


HE water works dollar, like the 
grocery store dollar, does not buy 
nearly as much cast-iron pipe, pumps 
and chlorine as it used to buy. Reve- 
nues may have increased, but after op- 
erating costs are paid, very little 
money is left to spend for proper main- 
tenance, let alone needed expansion. 
And how many operators and other 
personnel have received salary in- 
creases even remotely approaching 
those granted to workers in private 
industry? There is only one answer: 
Water rates must be increased suffi- 
ciently to provide the necessary funds. 

What is the procedure for obtaining 
a higher rate structure? In the final 
analysis, rates are set by the Public 
Service Commission of Indiana after 
a publicized hearing at which all inter- 
ested persons are given opportunity to 
express their views on the question. 
However, a considerable amount of 
groundwork must be accomplished be- 
fore the case reaches the commission. 
First of all, the necessity for an in- 
crease in water rates must be thor- 
oughly explained and “sold” to the 
people back home. Without their full 


knowledge of the “whys” and “where- 
fores” of the situation, considerable op- 
position to the proposition will be the 
all, the people 


natural result. After 


502 


are the stockholders of the plant as 
well as the customers, and they have 
every right to a complete accounting. 
3efore that can be done, however, the 
facts must be ascertained, weighed and 
placed in proper form for presentation. 

It is strongly recommended that a 
complete inventory of the plant and 
system be made. ‘This inventory 
should determine what equipment has 
served its useful life and should be 
replaced now; what is the anticipated 
remaining life of other equipment ; what 
additions to the distribution system are 
needed now; and what will be needed 
in the foreseeable future. Using this 
study as a base, there should be pre- 
pared a program of construction re- 
quiring capital expenditures and a 
schedule of work to be paid for from 
revenues. This program of construc- 
tion should be realistic and based upon 
the assumption that costs will never 
return to prewar levels. It is, of course, 
impossible to foretell with any degree 
of certainty what future prices will be, 
but if the experience following World 
War I is indicative, present prices 
probably will stabilize at a level some- 
what lower than that now prevailing. 

After the program of additions and 
betterments has been determined, the 
next step will be the preparation of a 
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fiscal policy that will permit the 
carrying out of the program. Con- 
siderable study should be made of the 
existing rate structure and the records 
of individual customers in order that 
the equity of present rates with respect 
to classes of customers may be ascer- 
tained. If the existing rate schedule is 
found to be equitable, a percentage 
increase in all classes of customers will 
be most desirable. This method will 
result in the least criticism. However, 
since most schedules were established 
many year ago—sometimes without 
benefit of any experience records—it 
will probably be expedient to develop 
an entirely new one. With the accurate 
information available from operating 
records, it will be possible to formulate 
a rate schedule that will produce the 
required revenue and be equitable to 
the various classes of customers. In 
the preparation of a new rate schedule, 
it is necessary again to be realistic. 
In figuring the revenue to be produced, 
it will be better to underestimate than 
to overestimate. Remember that it will 
be much less painful to reduce rates 
after a few years than to request an- 
other increase. 

Next comes the job of selling the 
program. Every effort should be made 
to present the facts to the greatest pos- 
sible number of citizens. It is desirable 
to request the privilege of meeting with 
the service clubs, the chamber of com- 
merce and any other organization that 
is interested in public affairs. Above 
all, the aid of newspapers should be en- 
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listed in support of the program. A 
newspaper commenting favorably can 
be of tremendous assistance. 

In the meantime the proper petitions 
and exhibits should be prepared and 
filed with the Public Service Commis- 
sion. These documents will be ex- 
amined by competent engineers and 
accountants of the commission ; conse- 
quently, extreme care must be exer- 
cised in preparing the data so that no 
pertinent information will be omitted 
or presented in such manner that it 
may be misinterpreted. The commis- 
sion is interested only in facts, and its 
final decision will be based on facts. 

Since the docket of the Public Serv- 
ice Commission is extremely crowded 
with petitions awaiting hearing, con- 
siderable time must elapse between the 
date of filing the petition and the day 
of hearing. This time may well be 
spent in preparing for the hearing. 
The attorney for the city should pre- 
pare his presentation with as much care 
as the engineer. The commission is a 
quasijudicial body and all testimony is 
presented under oath. It has been the 
author’s experience that the commis- 
sion permits considerable leeway in the 
introduction of evidence and the testi- 
mony of witnesses so that all the de- 
tails bearing upon the petition may be 
examined. However, the presentation 
should be well organized in advance 
so that the various phases of the case 
may be introduced in their logical se- 
quence in order to expedite the hear- 


ing. 


Discussion 


O. M. Leonard 


Chief Engr., Boyd E. Phelps, Inc., Michi- 
gan City, Ind. 


A hearing before the Public Service 
Commission for a rate increase may be 
for either: |1] a general rate increase 


petition, requesting approval to in- 
crease the rates and charges because 
of increased operating costs or other 
conditions which have resulted from a 
change in operation costs or main- 
tenance; or |[2| a petition for a rate 
increase and approval of the sale of 
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revenue bonds, the increase being 
necessary to provide for retirement of 
bonds sold for the purpose of making 
improvements. 

In general, the approval of the rate 
structure requires the petitioner to be 
prepared to demonstrate that the rates 
he proposes to charge are reasonable, 
equitable and necessary to defray the 
costs of operation and maintenance of 
the plant and system. Most of the 
improvements to water works systems 
requiring extensions and additions are 
financed by the sale of revenue bonds. 

The authority for the issuance and 
sale is provided by Chapter 155 of the 
Acts of 1929 amended by Chapter 254 
of the Acts of 1933. Under the law 
it is necessary to set out the proportion 
of the revenues needed for: [1] opera- 
tion and maintenance ; [2 | adequate de- 
preciation, which may include funds 
for extensions and additions; and [3] 
bond and interest redemption accounts. 

Section 48-5339, Burns’ Indiana 
Statutes makes this requirement : “/.- 
tensions and Additions—Bonds—Cer- 
tificate of Public Service Commission. 
Before any bonds shall be issued as 
herein provided, for the purpose of 
providing for such extensions and ad- 
ditions, the said public service commis- 
sion shall certify that the income and 
revenue of said water works, in addi- 
tion to providing for operation and 
maintenance and depreciation, are suffi- 
cient to pay the principal and interest 
of said bonds that may be sold.” In 
hearing a petition for the sale of water 
revenue bonds, the burden of proof 
rests on the petitioner's engineers. 

The Public Service Commission re- 
ceives the petition and the commis- 
sion’s engineering, audit and legal de- 
partments review it before the hearing. 
In general, the petition sets out the 
following 
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1. The scope of the proposed work 
and the estimated construction costs 
(supported by bona fide bids), together 
with other project costs and an ade- 
quate contingency. 

2. Certified copies of financial re- 
ports on the operating utility for the 
past three years or more, showing 
itemized gross earnings and expendi- 
tures. 

3. The present schedule of rates and 
charges in effect. 

4. The proposed schedule of revised 
rates and charges. 

5. The bond ordinance, including 
the rate schedule and allocation of 
gross receipts to various funds. 

6. The rate ordinance. 

7. The estimate of operating costs 
following the construction and opera- 
tion of the proposed improvements. 

8. The proposed amortization sched- 
ule showing the annual gross operating 
revenues, allocation to the operating 
account, the depreciation account, the 
bond and interest redemption accounts 
and estimated surplus in the bond and 
interest redemption accounts. 

At the hearing, the  petitioner’s 
sworn witnesses should be thoroughly 
prepared to testify in general as fol- 
lows: 

The chief clerk or person respon- 
sible for bookkeeping in connection 
with water works accounts should be 
able to testify that the operating record 
expenditures as exhibited in the peti- 
tion are a true and exact copy of the 
accounts shown on the utility operat- 
ing record. 

The superintendent or chairman of 
the authority operating the utility 
should be ready to testify: [1] as to 
the necessity for the construction of 
the proposed improvements; [2] as to 
the necessity, in his opinion, for the 
present construction program; and, if 
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constructed as planned, whether or not 
the proposed improvements would ful- 
fill all requirements during the life of 
the bonds; and [3] whether or not the 
estimated operating revenues and costs 
are a true estimate of anticipated con- 
ditions following the construction and 
operation of the improvements. 

The petitioner's engineer should be 
ready to testify: [1] that he qualifies 
as an experienced engineer to give ex- 
pert testimony; [2] that he can certify 
to the preparation of plans, specifica- 
tions, tentative contracts and estimates 
of construction cost, operating expense, 
bond amortization and so forth; and 
[3] that the need for the improvements 
exists and that the engineering features 
will perform the necessary function 
and supply the service required. 

The Public Service Commission 
maintains legal, engineering and audit 
departments, each of which has exam- 
ined the petition and has rendered 
reports to the commission. The coun- 
sel for the commission may examine 
any witnesses and question them on 
the various phases of the petition, in- 
cluding all related engineering and fi- 
nancial matters. 

The engineer should have all in- 
formation available to answer these 
questions and, if there is opposition to 
the proposed improvements, the engi- 
neer may be recalled to testify and an- 
swer questions raised by those oppos- 
ing the improvements. 

Following testimony by the commis- 
sion’s audit and engineering depart- 
ments, the counsel for the petitioner 
may wish to cross-examine the com- 
Mission witnesses to clarify testimony, 
and the engineer should be in a po- 
sition to furnish the petitioner’s counsel 
quickly with questions or other data 
on which to base the cross examina- 
tion. 


INCREASE PROCEDURE 


505 


Fred R. Witherspoon 


Sr. Engr., Public Service Commission of 
Indiana, Indianapolis, Ind. 


The interesting and timely analyses 
by H. B. Steeg and O. M. Leonard 
call rather for some supplementary 
observations drawn from the experi- 
ences of the Public Service Commis- 
sion’s engineering department than for 
any rebuttal of their statements. The 
commission would caution, however, 
that all water works utilities in In- 
diana are not necessarily in need of 
rate increases. .\ proper diagnosis of 
apparent operating difficulties in some 
isolated cases may possibly disclose 
inept and careless management, trans- 
fer of needed water works funds to 
another municipal use or failure to col- 
lect hydrant rentals and other muni- 
cipal usage charges. 

The point made about advising or 
educating the customers in advance of 
any improvement program or other 
emergency involving the increase of 
rates is very timely. Adequate publicity 
methods—including the use of local 
newspapers, open public meetings or 
questionnaires enclosed with _ billing 
statements—to inform the utility cus- 
tomer in advance are likely to offset 
prejudiced opposition and to make the 
informed customer friendly to the pro- 
gram even though his purse is af- 
fected. 

The author stresses the analysis and 
planning in advance for any water 
works improvement program. This is 
all-important. City or town officials 
should be familiar with their own local 
needs and have a thorough understand- 
ing among themselves as to the general 
scope of proposed improvements, as 
well as their ability to finance them at 
which the traffic will bear. 
Competent engineering services should 
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be obtained to convert their general 
overall plans into an intelligently engi- 
neered job, including cost estimates, 
bid forms and detailed plans and speci- 
fications. With the present uncertain 
bidding practices and material-price 
fluctuations, it would save time to ad- 
vertise and secure bids on new work 
proposed before attempting to estimate 
the total project cost and the amount 
of the proposed bond issue, if financing 
is to be done by revenue bonds. Bids 
may be taken subject to Public Serv- 
ice Commission approval of the con- 
struction and financing program. 
After the total cost of the proposed 
improvements is established, a careful 
study should be made to determine the 
new operation and maintenance, bond 
and interest, and depreciation costs in 
future operations. Sight should not 
be lost of the fact that extensive addi- 
tions to an existing plant are likely to 
increase operation and maintenance 
costs. This holds particularly true 
where water treatment processes are 
inaugurated. A common error in plan- 
ning water works improvements is to 
use the bond and interest annual re- 
quirement as a pivot or starting point, 
and, after that need is met, to allocate 
what remains of annual gross revenue 
to operation and maintenance costs and 
depreciation. The better method, or 
the horse-before-the-cart procedure, is 
to anticipate accurately what the new 
operation and maintenance 
likely to be; to use that and a fair 
allowance for depreciation as a starting 
point; and then to allocate what re- 
mains of anticipated revenue to the 
bond and interest requirement. The 
use of round percentages may appear 
to be questionable when applied to in- 
dividual plants where local peculiarities 
exist. However, the record of some 
150 municipal water utilities in In- 
diana—which have recently or are cur- 
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rently financing acquisitions and im- 
provements by the revenue bond 
method—is the most accurate gage 
available for applying allocations of 
gross revenue to various accounts in 
working out a successful financing pro- 
gram. Based on that experience rec- 
ord in the files of the commission, it 
is requiring 45 per cent, or more, of 
gross revenue for proper operation and 
maintenance. In other words, if a 
minimum of 5 per cent of gross rev- 
enue is set aside for depreciation, a 
bond and interest requirement ap- 
proaching 50 per cent is near the 
security danger zone. It is well to 
bear in mind also that the total funds 
allocated to bond and interest accounts 
should exceed the requirement by some 
25 per cent at the end of bond tenure, 
or a minimum coverage of 125 per 
cent. An excessive allowance of gross 
income required for the bond and in- 
terest account should demand further 
consideration, either in the form of 
increased rates and charges or of revi- 
sion and reduction in the proposed 
improvements. 

Experience in water revenue bond 
financing has shown that it is im- 
portant for the ordinance authorizing 
the bond issue to provide for the trans- 
fer of funds from one account to an- 
other. It is usually good practice to 
provide for such a transfer if accu- 
mulated funds in the bond and interest 
accounts are sufficient to meet the cur- 
rent year’s requirement and the en- 
suing year’s requirement, plus ten per 
cent in reserve. It is also highly ad- 
visable to have a callable provision 
in the bond ordinance for redeeming 
bonds in advance of maturity, if funds 
are available, or to finance further im- 
provements before the end of the pres 
ent bond tenure without the necessity 
of resorting to a less salable junior 
bond issue at a higher interest rate. 


New Jersey Ground Water Supplies 


By Thurlow C. Nelson 


A paper presented on Nov. 4, 1948, at the New Jersey Section Meet- 
ing, Atlantic City, N.J., by Thurlow C. Nelson, Chairman, Div. of 
Water Policy and Supply, New Jersey Dept. of Conservation, Rutgers 


Univ., New Brunswick, 


OT many years ago the author 

was talking to an officer of one 
of the larger plastics companies in 
his office near Sayreville, N.J.  Pick- 
ing up from his desk a comb that 
sparkled like crystal, he remarked that 
foreign representatives of his firm gave 
to this plant adjacent to the Raritan 
River the distinction of making the 
finest cellulose acetate in the world. 
He laid this premium quality to the 
chemical nature and the low tempera- 
ture of the water drawn from the shal- 
low stratum of gravel in which the 
well field was located. The next few 
months witnessed the destruction of 
this priceless water-bearing horizon 
through salt water drawn in from the 
Raritan River during a period of low 
rainfall. The plastics company, with 
two others, then purchased large tracts 
of land adjacent to the South River, 
constructed a reservoir and sank a new 
group of wells, all at a cost of several 
million dollars. 

With each succeeding year the out- 
standing importance of underground 
water becomes ever more apparent. 
Increasingly rigid standards of quality 
for potable water, the needs of indus- 
try for water of low temperature and 
of constant chemical composition, and 
—last but not least—the large supplies 
available at low cost to private devel- 
opment have all contributed to the 
increasing draft upon subsurface wa- 


ters. Approximately one-third of the 
total water consumed in New Jersey 
now comes from wells. Rarely during 
the more than eighteen years the au- 
thor has been privileged to serve as a 
member of the State Water Policy 
Commission and its successor, the Div. 
of Water Policy and Supply, has there 
been a monthly meeting in which a 
grant was not made for at least one 
new well for a potable supply. As 
many as four hearings on applications 
for new wells have been held in a 
single day. With the added jurisdic- 
tion over private wells given to the 
division in 1947, the demands have 
skyrocketed, though the division has 
been able as yet, because of inade- 
quate personnel, to take jurisdiction 
in only two so-called protected areas. 
Urgent requests have been made to the 
division for some time to bring under 
state protection those portions of the 
Rahway watershed in which steadily 
falling well levels indicate that the 
draft is exceeding the recharge. 


Protected Areas 


It has already been stated that ap- 
proximately one-third of the recorded 
water used in this state comes from 
underground. Even more striking is 
the fact that in metropolitan New 
Jersey approximately 65 per cent of 
the total number of individual water 
supply developments by municipalities 
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and by water companies draw their 
supplies from wells. This very sub- 
stantial withdrawal, however, is but a 
part of the total. Domestic wells, 
though individually of little moment, 
in the aggregate use appreciable 
amounts. This has recently become a 
rapidly mounting item, with the growth 
of farm irrigation and its relatively 
high evaporation loss. But the great 
unknown in the underground water 
supply picture in New Jersey has been, 
and still is, the withdrawals by private 
industry. 

Fortunately, however, some reason- 
ably reliable data on the extent of these 
withdrawals are at last beginning to 
come in for two important industrial 
areas of the state. Chapter 375 of the 
laws of New Jersey, approved July 2, 
1947, embraces one of the “well laws.” 
By it, the Div. of Waiter Policy and 
Supply may, after a hearing, bring 
under state protection any area where 
the draft on ground water is so great 
as to threaten further development. 
Present users in such delineated areas 
are required to file statements, under 
oath, giving the list of wells in use 
on or before July 1, 1947, and their 
capacity. The right to continued use 
of these wells up to the capacity of the 
equipment in place on that date is 
affirmed by the state under this law. 

Two areas in the state have thus far 
been established under the provisions 
of the law. In the first, including 
Middlesex and Monmouth Counties, 
questionnaires have been mailed to 114 
industrial users of water. To date 54 
replies have been received, of which 21 
showed no private wells, the water be- 
ing purchased from local utilities. ‘The 
remaining 33 private diverters of un 
derground water list a total of 4 
wells with a total rated capacity of 
44,856 gpm., or 64 mgd. The largest 
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of these users reported 18 wells with a 
rated capacity of 17,400 gpm., or ap- 
proximately 25 mgd. In the second 
protected area, which includes portions 
of Burlington, Camden, Gloucester and 
Salem Counties, 89 questionnaires have 
been mailed and 80 replies received. 
These report a total of 145 wells with 
a total rated capacity of 52,946 gpm., 
or 77 med. 

The potential draft on underground 
supplies in these two protected areas 
already reported therefore represents 
considerably more than 1} times the 
total capacity of the Wanaque Reser- 
voir, the largest surface supply in the 
state. Whether these wells now are be- 
ing pumped to capacity is of little mo- 
ment to the state control body, since the 
1947 law confirms to all diverters the 
right to use up to the full capacity of 
the equipment in place on July 1, 1947. 
Any balances resulting from present 
operation of any wells at less than full 
capacity are in reality uncashed checks 
issued by the state against its total 
assets of underground water. A real 
cause for concern is that periods of 
protracted drought may in future re- 
duce these liquid assets considerably. 
In fact, it may be necessary ultimately 
to cash these outstanding checks on a 
basis of 3 or even 2 qt. to the gallon. 


Recharge From Reservoirs 


At Newark, experiments are being 
conducted in employing excess dis- 
charge over the spillwavs of reservoirs 
to restore badly depleted ground water 
storage levels. This work may very 
well be of great importance in the con- 
servation of subsurface water supplies. 

Returning recently from New Or 
leans by way of Chattanooga and 
Knoxville, ‘Tenn., the author passed 
one of the major reservoirs of the 
TVA system. Having been stationed 
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in this area for some time during 
World War 1, this trip afforded a 
most interesting contrast. Instead of 
muddy streams, eroded farms with 
miserable hovels and a few pathetic 
stalks of corn, blue-green water could 
be seen in reservoir and river, with a 
strong flow despite a drought of con- 
siderable proportions. Neat and well 
painted farmhouses have replaced the 
tumbledown shacks, and everywhere 
are fine, rolling fields plowed on con- 
tour. Such is the magic touch of con- 
trolled water. Might not New Jersey 
begin now to tame the floods of the 
Passaic and the Raritan through the 
construction of many small dams with 
notched spillways on tributary streams ? 
The upper half of such reservoirs 
would be available at all times for flood 
control. The lower half, below the 
notch, being always filled, would raise 
ground water levels permanently in 
the vicinity. Where such ground wa- 
ter storage is too far from population 
centers to be of use directly to well 
fields, it could still assist indirectly by 
helping to maintain higher dry-weather 
flows in neighboring streams. 

Lands so situated as to be subjected 
to permanent or temporary flooding 
could be used for a threefold purpose. 
In the lowest portion of the tract 
would be a permanent pond or lake, 
with its level controlled by a notched 
spillway. Surrounding this permanent 
body of water would be a somewhat 
larger area maintained as lawn or 
open woodland with picnic sites. The 
lawn area would provide numerous 
baseball and football fields, as well as 
concrete tennis courts. In times of 


flood these recreational areas would be 
covered with water, but there being no 
buildings, no harm would be done. 
The muddy water would drop much 
of its load of silt upon the lawn, assur- 
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ing a continually improving topsoil for 
the grass. Holding back the flood 
waters behind the part of the dam that 
lies above the bottom of the notch in 
the spillway would lower the crest of 
the flood farther downstream. With 
a sufficient number of such flood con- 
trol reservoirs, designed to discharge 
over the main spillway in sequence, 
it would be possible ultimately to ob- 
tain complete control of floods. 

Subsurface aquifers could be re- 
charged from the permanent reservoir, 
augmented by temporary but large 
infiltration from the much greater area 
subjected to occasional flooding. In 
general, New Jersey streams are in 
flood stage in spring before the recrea- 
tional demand has set in. Should there 
be sudden, heavy cloudbursts during 
the summer, the area might be closed 
to recreational use for several weeks 
but this would be a small price to pay 
for protection from flood damage in 
cities downstream, not to mention the 
appreciable additions to underground 
water through holding part of the flood 
on the surface of the land for a week 
or more. 

Those who may be disposed to dis- 
miss this scheme as a pipe dream 
should turn to the Duhernal Water 
System on the South River for evi- 
dence of recharge of wells from a per- 
manent reservoir. It is understood 
that experiments are contemplated 
looking toward even greater recharge 
of the well svstem through lateral 
channels to conduct water out on the 
land adjacent to the wells. The sys- 
tem as it stands today presents an 
ideal laboratory for the study of this 
phase of the problem. 


Ground Water Use Taxes 


Two problems are of rather imme- 
diate importance. Under a compre- 
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hensive law passed in 1907, the state 
has received considerable revenue from 
the excess-diversion tax. The possi- 
bility of obtaining further revenue 
through a tax on ground water is 
being carefully studied, because the 
state must have new and added sources 
of income. In view of the very definite 
relationship between ground water and 
stream flow, it might be in the inter- 
ests of equity if diverters of subsurface 
water also were taxed for the use of 
this natural resource beyond a certain 
specified minimum. The somewhat 
difficult legal questions involved can- 
not be pursued further in this paper. 
It might, however, be well to consider 
the possibility of legislation based upon 
the excess-diversion law. Municipal 
and private water companies drawing 
from underground sources could be 
allowed 100 gpd. per person, accord- 
ing to the most recent census. For 
diversions in excess of this amount, 
payment would be made at rates from 
$1.00 to $10.00 per million gallons, as 
in the present excess-diversion law for 
surface waters. Private diverters of 
more than 100,000 gpd. would con- 
tinue to divert up to the maximum 
capacity of the equipment in place on 
July 1, 1947, with a similar charge for 
diversions above this amount. Adjust- 
ment would need to be made to take 
care of unusual situations as in Cam- 
den, where vast quantities of well 
water are furnished to great industries. 


Interstate Cooperation 


Consideration must also be given to 
the need for close interstate coopera- 
tion in ground water study and con- 
trol, particularly in the Delaware Val- 
ley from Camden south at least to 
Paulsboro. Pennsylvania has no con- 
trol over private diversions from wells, 
but it is encouraging to learn that such 
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legislation is contemplated. Every in- 
dication points to the probability that 
wells in the Philadelphia area, in the 
Navy Yard and on the New Jersey 
side across the river, all draw from 
the same Raritan formation, one of 
the richest water-bearing strata in the 
entire world. Evidence indicates that 
the principal recharge area lies in the 
bottom of the Delaware River between 
Camden and Bordentown. If this were 
being heavily drawn upon at present, 
the quality of the well water would 
show deterioration because of pollu- 
tion in the river. It is probable, there- 
fore, that much of the water drawn 
from wells in this area still comes 
from sources outside of the immediate 
region. 

Static water levels in wells of the 
Camden area have fallen over the 
vears, while recent tests in the new 
Texas Co. well field in West Deptford 
Township in Gloucester County have 
indicated drawdowns of 10-20 ft. in 
the Philadelphia Navy Yard at a dis- 
tance of more than 6,000 ft. With 
the danger of salt intrusion farther 
down the river always at hand, it is 
obvious that future wise development 
of the ground water resources in this 
area must depend upon the closest 
cooperation among the officials of the 
two adjoining states. It is fortunate 
indeed that recent studies conducted 
by the U.S. Geological Survey have 
been made jointly by Barksdale of the 
New Jersey Div. of Water Policy and 
Supply and by Graham of the Penn- 
sylvania Board of Water Supply. 

Finally, to protect and to continue 
the joint research projects on ground 
water sponsored by the U.S. Geologi- 
cal Survey in cooperation with the 
states, constant alertness is required 
to see that economy moves in Wash- 
ington do not curtail or abolish this 
essential program. 
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Depletion of Ground Water in New Jersey 
By Henry C. Barksdale 


A paper presented on Nov. 4, 1948, at the New Jersey Section Meeting, 


Atlantic City, N.J., by Henry C. Barksdale, Dist. Engr., Ground Water, 


HE very small number of ground 
water hydrologists and the water 
works men who depend upon ground 
water for their source of supply have 
been for a long time almost the only 
people in this country who realized that 
the depletion of its ground water re- 
sources was a possibility. It is most 
gratifying to know that the public in 
general is gradually becoming aware 
of the problems relating to ground water 
depletion. This public awakening is 
the result of many years of patient edu- 
cational work and has been greatly ac- 
celerated recently by basically sound 
articles in popular magazines like the 
recent one by Lester Velie (1). 
Such articles indicate that the water 
supplies of large and important areas in 
some states are even now in a very 
serious predicament. Some areas in 
New Jersey seem likewise to be scrap- 
ing the bottom of the bucket, but for the 
state as a whole this is not yet true, 
and if the conservation measures that 
have been adopted are wisely and cour- 
ageously administered, it need never 
be true. It should be possible to de- 
velop New Jersey’s ground water re- 
sources up to their limit, but not be- 
yond it, so that widespread critical 
conditions need not develop. 


Ground Water Studies 


New Jersey has been, and still is, a 
leader among the states in the study 
and conservation of its ground water 
resources. The state geological survey 
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has been collecting well data for more 
than three-quarters of a century. In 
1923 the state embarked on a continuing 
program of quantitative ground water 
studies in cooperation with the U.S. 
Geoiogical Survey. The state agency 
which has been primarily responsible 
for this work is the Div. of Water Pol- 
icy and Supply and its predecessors. 
Currently the Div. of Forestry, Geol- 
ogy, Parks and Historic Sites of the 
New Jersey Dept. of Conservation is 
also cooperating on studies in the New- 
ark area and the city of Rahway is co- 
operating on studies in its vicinity. 
As the areas in which the major 
ground water aquifers occur and the 
depths at which they can be penetrated 
by wells in different localities were 
fairly well known at the outset, the new 
studies have principally been directed 
toward the assembly and analysis of 
data indicative of the safe yield of the 
aquifers, such as records of water levels 
and pumpage and the various factors 
affecting the intake, storage and trans- 
mission of water. Several progress 
reports (2, 3) have been issued on the 
ground water resources of different 
areas within the state. It has not yet 
been possible, however, to compile a 
report on the overall status of New 
Jersey’s ground water resources or 
even to study carefully all of the im- 
portant ground water areas and aquifers 
in the state. In this paper an attempt 
will be made to summarize some of the 
facts now known about the status of 
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this very important natural resource 
and to give a few typical examples of 
areas in which depletion has occurred 
or is threatened. 

The importance of the interrelation 
between ground and surface water is 
sometimes overlooked, but it cannot be 
too strongly emphasized. When con- 
sidering problems relating to recharge 
and replenishment, it is misleading to 
say this is surface water and that is 
ground water. Actually, any given par- 
ticle of water may move both across the 
suriace of the earth and through its 
pores at different times in the course of 
a single journey from the sky to the 
ocean. In the relatively humid climate 
of New Jersey, an aquifer that is not 
heavily pumped will usually discharge 
a large part of its water into surface 
streams in its intake area. In wet sea- 
sons it may absorb as much water as it 
can hold, and refuse any further re- 
charge. The same aquifer when heav- 
ily pumped will not only absorb all the 
recharge that comes to it from precipi- 
tation, but will draw water from the 
streams that cross it. 

It must be recognized, then, that the 
maximum possible development of New 
Jersey’s ground water resources would 
result in some reduction of its stream 
flow. The same water cannot fill the 
streams and recharge the underground 
supply simultaneously. The reduction 
in stream flow would often be mitigated 
by the return of used ground water to 
the streams. However, if the ground 
water should be used outside the drain- 
age basin or if, after being used, it is 
removed from the basin by evaporation 
or through sewers, the effect on stream 
flow may be considerable. 


Safe Yield 

In addition to the quantity of water 
available for recharge, the safe yield 
of an aquifer may be limited by its abil- 
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ity to absorb, to store or to transmit 
water, and by the danger of contamina- 
tion. The capacity of most New Jersey 
aquifers to absorb water is probably 
adequate. In a general paper like this, 
it may be assumed that the works for 
the withdrawal of ground water will be 
of such a nature and so located as to 
minimize the limitations due to storage 
and transmissibility. There remains, 
then, only the danger of contamination 
—particularly by salt water—to be con- 
sidered in making a broad estimate of 
the safe yield of all the aquifers in the 
state. New Jersey is bordered by salt 
water from somewhere near Camden 
down to Cape May and from there 
along the eastern shore to the New 
York state line. Various types of in- 
lets bring salt water inland for some 
distance at many places. Heavy pump- 
ing anywhere along this long coastline 
is likely to induce an intrusion of salt 
water, and the safe yield in a band ad- 
jacent to the salt water is likely to be 
limited more by the danger of salt water 
intrusion than by any other factor. 

It has been possible to cover only a 
small part of the state with the detailed 
and thorough quantitative studies that 
are necessary to estimate the safe yield. 
Considerable error may be involved in 
extending the results to the entire state, 
but, on the basis of present knowledge, 
it is estimated that the total safe yield 
of the important ground water aquifers 
in the state is on the order of 1 or 2 
bil.gal. daily. This estimate is little 
more than an application of the data 
obtained in some of the area studies to 
the state as a whole, making allowance 
for unproductive areas and for those 
exposed to salt water intrusion. 

The problem of estimating the prob- 
able ground water use within the state 
is also complicated by a lack of reliable 
data on a statewide basis. Obtaining 
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pumpage is one of the most essential 
and, at the same time, one of the most 
difficult parts of the quantitative ground 
water investigations. It is therefore 
to the interest of all well owners to 
maintain careful records of pumpage. 
There are good records of the ground 
water used for public supplies, but for 
the state as a whole there is relatively 
little reliable information on private 
and industrial ground water use. In 
a few localities, however, good data on 
such pumpage is available, and, by ex- 
tending and applying these data on a 
statewide basis, a total ground water 
use of 500-750 mgd. can be estimated. 

A hasty comparison of the estimated 
pumpage with the estimated safe yield, 
which is three or four times as large, 
would seem to indicate that the devel- 
opment of ground water resources 
might proceed without a care, but un- 
fortunately the cream of the supply 
has already been used up. It is be- 
coming increasingly difficult to locate 
sites where large quantities of ground 
water can be obtained safely along ratl- 
ways and highways and deep water- 
ways and adjacent to an adequate sup- 
ply of labor. Furthermore, the number 
of areas in which a few wells drilled 
on a few acres can yield 5 or 10 mgd. 
without endangering the safe vield is 
definitely on the decrease. The devel- 
opment of the remaining ground water 
resources must be increasingly trouble- 
some and expensive as the more favor- 
ably located and the more productive 
areas are drawn upon to their full 
capacity. 


Critical Areas 


Actually, the ground water supply 
in a few areas in the state has already 
been seriously or even dangerously de- 
pleted. Generally, too, this has oc- 
curred in some of the areas most 
favored with other facilities, such as 
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labor supply and transportation. 
attempt will be made in this paper to 
discuss all such areas, but a few repre- 
sentative ones will be described. 

The Rahway River Valley includes 
a number of growing residential and 
industrial communities. There is a 
possibility that some ground water may 
flow into the valley through the Short 
Hills gap, but, with that exception, 
all the water obtained in it is derived 
from precipitation within its drainage 
area. The valley is thus essentially a 
self-contained hydrologic unit. Most 
of the waste water is discharged into 
a trunk sewer which traverses much of 
the valley. The drainage area of the 
valley above Rahway is about 63 square 
miles. In 1947 there was a total well 
capacity in the valley of more than 30 
mgd. In addition, approximately 9 
mgd. was diverted for public water 
supply directly from the stream. Wa- 
ter was thus being withdrawn from the 
valley at an average rate of about 0.5 
mgd. per square mile. This quantity is 
probably close to the safe yield of the 
rocks that underlie the valley. In dry 
seasons, when the flow of the stream 
is supported mainly by ground water 
seepage, very little water passes the 
lowest point of diversion. 

In the Newark area, a great many 
wells have been drilled in close prox- 
imity to one another, and the competi- 
tion for water has been keen. As the 
demands for water have increased, the 
water levels have been drawn down 
until, in the summer of 1947, levels as 
low as 240 ft. below the surface were 
measured in unpumped wells. A ma- 
jority of these wells draw from shales 
and sandstones of Triassic age. Be- 
cause the water-bearing openings in 
the rocks decrease in number and size 
with increased depth, there is grave 
danger that the safe yield has been 
exceeded. Furthermore, the rocks re- 
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ceive their recharge locally, and a sub- 
stantial intrusion of salt water has 
occurred from the Passaic River and 
Newark Bay, thus rendering the water 
from some wells near the shore unfit 
for most ordinary uses except cooling. 
That the water levels did not fall so 
low in 1948 is due in part to the 
greater rainfall in the summer and in 
part to recharge operations undertaken 
during the winter of 1947-48. 

In many other localities along the 
coast of New Jersey, the safe yield of 
aquifers or parts of them is limited by 
the danger of salt water intrusion. A 
few typical examples follow, and there 
are at least as many more. 

At Atlantic City, the water levels in 
the so-called Atlantic City 800-ft. sand 
have been lowered about 100 ft. below 
the original static level, and an ad- 
vance of salt water from the direction 
of the ocean seems likely, even without 
any increase in pumpage. At Cape 
May, the recent construction of a canal 
has reduced the end of the peninsula 
to a small island entirely surrounded 
by salt water. Wells drilled to depths 
of 600 ft. or more have always yielded 
water of objectionably high salt con- 
tent. Two other aquifers at depths of 
approximately 100 and 300 ft. now 
yield good water, probably from local 
recharge. The water from the 300-ft. 
level, however, is steadily increasing 
in chloride content, and the construc- 
tion of the canal has reduced materially 
the area in which it is safe to draw 
water from the shallow horizon. 

In the Parlin area, the usefulness of 
wells that formerly yielded approxi- 
mately 9 mgd. from the Farrington 
sand, of Cretaceous age, is threatened 
with complete destruction by the intru- 
sion of salt water from ship channels 
a mile or two from the well field. The 
usefulness of these wells is being ex- 
tended by holding them in reserve for 
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emergency and peak load operations. 
Very careful observations are being 
made of the movement of the salt 
water, however, and there appears to 
be little doubt that it will ultimately 
reach all the pumping wells. 

The five areas cited tend to show 
the nature and suggest the extent of 
the depletion of the ground water re- 
sources of New Jersey. These and 
others in the state might be classed in 
two groups. One is characterized by 
exhaustion of the supply, as appears to 
be imminent in Newark and may soon 
occur in the Rahway Valley, unless 
development there is checked. The 
other is a kind of deterioration in 
quality caused by salt water intrusion 
in various localities along the coast. 
Either type generally means that water 
supplies must be drawn from greater 
distances or from less _ productive 
sources, or both. Both of them point 
to the need for cautious and intelligent 
development of the remaining ground 
water resources. 


Physical Measures for Conservation 


There are certain constructive meas- 
ures that should be taken to offset the 
threatened depletion of New Jersey’s 
ground water resources. The relatively 
negative reaction of merely seeking 
other sources or other areas to develop 
need not be the only one. Water con- 
servation measures may bring or hold 
the use of ground water within the 
safe yield of present sources of supply. 
Some good land use practices tend to 
increase natural recharge. Artificial 
recharge by water spreading or through 
wells has great possibilities of increas- 
ing the safe yield of some aquifers 
where surface water or used ground 
water of suitable quality is available 
for that purpose. 

Conservation measures as applied to 
ground water include all the various 
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methods of preventing waste. Espe- 
cially important among them are the 
water-saving devices that may be used 
in cooling and air-conditioning plants. 
Some of these processes will save as 
much as three-fourths of the water that 
would be used if it were merely pumped 
from the well and circulated once 
through the system. 

Land use practices that may help 
to increase natural recharge, and thus 
increase the supply of ground water, 
include terracing, cover crops and 
other measures designed to hold water 
on the land and prevent rapid runoff. 
In general, they are practices that will 
benefit the farmer and conserve soil. 
They will be slow in achievement, 
however, because they must wait upon 
education. 

Perhaps the most important and 
constructive measure, and the one that 
is often readily available, is artificial 
recharge, usually accomplished either 
by water spreading or directly through 
wells. The method adopted would de- 
pend upon the amount and character 
of water available for recharge and 
upon the facilities at hand for intro- 
ducing it into the aquifer. Artificial 
recharge with untreated surface water 
can generally be best accomplished by 
water spreading. Artificial recharge 
through wells requires water of better 
quality, such as treated surface water 
or used but uncontaminated ground 
water from cooling plants. 

Artificial recharge is being practiced 
on varying scales in several localities 
in New Jersey. The most notable 
water-spreading developments are those 
at the Perth Amboy water works, the 
Duhernal water supply—both near Old 
Bridge—and the East Orange water 
works. The most significant and larg- 
est artificial-recharge development by 
the use of wells is that undertaken in 
1947 at Newark. 
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Legal Measures 


In 1947 the state legislature author- 
ized the Div. of Water Policy and 
Supply to regulate areas in which the 
safe yield of aquifers is being, or 
threatens to be, exceeded (see T. C. 
Nelson’s paper, p. 507, this issue). 
This act has placed the state in a 
position to conserve most of its ground 
water resources and prevent their de- 
pletion. It makes no provision, how- 
ever, for the recapture of existing 
diversion rights and is, therefore, most 
effective where the safe yield is being 
approached but has not yet been ex- 
ceeded. In such areas, by granting 
diversion rights that may be modified 
or terminated after a reasonable period, 
the safe yield may be approached more 
closely and confidently than would 
otherwise be possible. 


Summary 


It may be said that, on the whole, 
the ground water resources of New 
Jersey have not been depleted, al- 
though some serious local conditions 
have developed. Constructive meas- 
ures are being adopted to conserve and 
increase the supply in some localities. 
Much more can be done in this direc- 
tion as the need becomes apparent and 
the means become better understood. 
To this end the quantitative ground 
water investigations are being con- 
tinued and should be expanded. 
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Stretching Income to Survive Inflation 
By Raymond H. Fuller 


A paper presented on Oct. 7, 1948, at the Ohio Section Meeting, Mans- 


field, Ohio, by Raymond H, Fuller, Partner, Burgess & Niple, Co- 


lumbus, Ohio. 


UMEROUS factors may be con- 
sidered in reviewing any particu- 
lar water works operation for possible 
ways of reducing costs. 

Labor relations. Many men in the 
water works profession stick to their 
jobs year after year at low rates of 
pay; but after a time low salaries and 
poor working conditions do have an 
effect, and the production per dollar 
spent falls off. The inducement to 
new personnel should be equal to that 
of like work in the community. Pay 
and working conditions should be good 
enough to attract able and competent 
men. 

Tools and equipment. It is often 
necessary to spend money in order to 
save money. Good tools and equip- 
ment pay in savings in time and repair 
bills. An air compressor with pave- 
ment breakers and spades is frequently 
a money saver. Power hoists and con- 
veyors to handle chemicals and coal 
save money in the form of labor and 
make the job more attractive. 

Trade items. The periodic review 
and examination of materials and sup- 
plies offered by the trade is especially 
important in these times of scarcity 
of materials and changes in price. 
Changes in price and the development 
of new products sometimes make past 
practices and policies economically un- 
sound. The appearance of new kinds 


of pipe, fittings, joints and pumps, and 
the changes in the cost of labor and 
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material, may result in appreciable 
savings if properly analyzed and taken 
advantage of. 

Modernization. Replacement of 
power and pumping equipment with 
new and modern equipment of the 
same type, or of a new kind entirely, 
has often resulted in an annual saving 
sufficient to pay for the new equipment 
and leave a remarkable balance as re- 
ductions in operating costs. Complete 
electrification has greatly decreased the 
power and pumping costs in many 
small plants. Economies in power can 
sometimes be realized and expansion 
of the plant deferred by the cleaning 
of transmission lines and by providing 
additional storage and small booster 
stations in some outlying sections of 
the community. 

Industrial water sales. With the 
wide diversification of industries to 
new areas, much new use of industrial 
water is being experienced. Although 
local community spirit and interest 
favor industry and are anxious to serve 
it well, including the providing of ade- 
quate water, a sudden and large in- 
crease in industrial water usage can 
result in additional need for plant 
expansion. Sometimes the increased 
monetary return from industrial sales 
will not provide adequate revenue to 
justify the expansion, and the conse- 
quence will be poor service from in- 
sufficient plant capacity or the necessity 
for a change in the rate structure. 
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Delinquent accounts. In communi- 
ties where good water works manage- 
ment practice is not established, de- 
linquent accounts are still the source 
of much loss in revenue. Examination 
of the records of three municipalities 
ranging from 4,000 to 6,000 in popula- 
tion indicated approximately 15¢, 20¢ 
and 50¢ per capita per year, respec- 
tively, in delinquent water bills. It is 
unfair for the water customer who 
pays his bill to have to contribute free 
water to other users. 

Refinancing. Occasionally refinanc- 
ing of indebtedness against the water 
works property at lower interest rates 
can result in appreciable savings. 
Probably the best way to approach this 
problem is by talking it over with 
representatives of the local bank or 
bond trustees. 

Unaccounted-for water. It appears 
to be a matter of historical fact that 
water works management is contin- 
ually faced by two problems: to ac- 
count for a reasonable percentage of 
the water produced and to secure an 
adequate revenue from the operations. 
Excessive unaccounted-for or nonrev- 
enue-producing water is commonly 
found to be a cause of high operating 
costs. As water demands increase and 
water production costs go up, the ef- 
fect of unaccounted-for water becomes 
more and more pronounced. Reducing 
unaccounted-for water has the twofold 
effect of decreasing the operating costs 
and expenses incidental to its produc- 
tion and putting off the day when plant 
expansion for increased production is 
necessary. 

Controlling Lost Water 

The control of unaccounted-for water 
is a continuous process, requiring con- 
stant vigilance on the part of the wa- 
ter plant management. In order to 
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control unaccounted-for water, it is first 
necessary to know the amount of the 
loss, information which can be obtained 
only by proper metering and accurate 
records. It is essential that a master 
meter be available at the water plant, 
with such other meters at the source 
of production as are necessary to deter- 
mine adequately the amount of water 
put into the distribution system for 
sale. It is just as essential that the 
amount of water sold be determined. 
Therefore, the water sales must be 
totaled for each collection period and 
the water sold compared to that pro- 
duced. Under ordinary circumstances, 
a water system that sells 80 per cent 
of its production is doing an excellent 
job. This figure should not include 
hydrant, street and sewer flushing, 
which are normal municipal uses. 
When the water sold is less than 80 
per cent of the water produced, it 
certainly behooves the good water 
works manager to determine the source 
of the loss and correct it if it is prac- 
tical to do so. 

An all too common cause of lost 
water is underground leakage, gen- 
erally of two kinds. One is a leak in 
clay soil or other impervious forma- 
tions which will immediately come to 
the surface and be exposed. These 
leaks are usually found and corrected 
very quickly. The other and more 
costly type of leak does not come to 
the surface but finds or develops chan- 
nels to streams, sewers or other out- 
lets where the water can flow unnoticed 
for long periods of time. Leaks of this 
nature are sometimes found in old ex- 
tensions no longer used and in services 
which have been turned off at the 
outlet, instead of at the main, and have 
since developed leaks. Such leaks will 
often find their way into old base- 
ments or around filled ground near 
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foundations or warehouses and other 
large buildings. If the buildings are 
occupied infrequently or excessive wa- 
ter flows are disregarded by the at- 
tendants, leaks may go for long periods 
without detection. 

Underregistration of meters is an- 
other important cause of unaccounted- 
for water. As a general rule, it pays 
big dividends to maintain meters. 
Many water losses can be calculated 
in dollars and cents only on the basis 
of water production costs—say, 2¢—-6¢ 
a 1,000 gal. Far more costly is the 
loss due to underregistering of meters 
or unmetered services. It is generally 
accepted as sound business practice 
that all services should be metered. 
It must also be realized that the value 
of water lost through underregistration 
snould actually be computed at the sale 
price of the water—say, 30¢-60¢ per 
1,000 gal.—because it does go through 
the meter and is used for purposes for 
which water would otherwise be sold. 

Underregistration may result from 
fluctuating flows, some of which are 
beyond the range for which the meter 
is capable of accurate measurement. 
Another cause may be lack of proper 
meter maintenance. The length of 
time to leave meters in service between 
tests should be determined for each 
system on the basis of the economy 
involved. .The length of time a meter 
remains in service before testing and 
repair should be such that the savings 
from testing and repairing all meters 
at the determined interval of time will 
be greater than the annual testing and 
repair cost (1). A general rule can- 
not be established, as the condition of 
the water metered, the kind of meter, 
the water usage and the rates of flow 
may affect the quantity of water lost 
in any particular system over any par- 
ticular period. It is only through a 
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careful check of many meters in any 
one system that the most economical 
meter-testing procedure can be estab- 
lished. Such a study will usually es- 
tablish an optimum testing interval 
somewhere between five and eleven 
vears. 

An actual example will illustrate the 
seriousness of water losses from under- 


registration. A certain water works 
pumped 103.6 mil.gal. of water in 


one year. Of this amount, 57 mil.gal., 
or 45 per cent, was not sold or was 
“unaccounted for.” The gross revenue 
from water sold in this municipality 
averaged 60¢ per 1,000 gal. for the 
year. Some studies have indicated 
that, on the average, 30-40 per cent 
of the unaccounted-for water will be 
the result of underregistration. <As- 
suming that half of this low figure, or 
15 per cent, could be recovered through 
a properly operated meter-testing and 
repair program, 7 mil.gal. a year could 
he recovered by the water system in 
question. At 60¢ a 1,000 gal., the 
water would be worth $4,200, or over 
12 per cent of the gross revenue for 
this particular water works. At the 
high figure of $1.00 per meter per 
year for testing and repair to effect 
this saving, the increased water sales 
would net the water works $2,400 a 
year, or more than 7 per cent of the 
experienced gross revenue. The $2,- 
400, of course, would be all profit as 
no other increase in operating and 
maintenance costs would occur. This 
example indicates the hidden losses 
that can go on indefinitely when the 
prevailing motto is: “Don’t take the 
meter out until it stops registering.” 

Other causes of unaccounted-for wa- 
ter which are found with varying fre- 
quency are overflows from storage 
tanks, excessive use of water for treat- 
ment plant operations, leaks at stream 
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crossings, unauthorized taps to fire 
connections, excessive flushing of sew- 
ers and streets, and leaks at valve 
stems and hydrants. 

The entire water works organization 
should be conscious of the necessity 
for reducing losses and detecting 
sources of water waste. Meter read- 
ers, particularly, can be helpful if they 
are trained to watch for wastage or 
leaks and to develop the cooperation of 
the public in reporting these items. 
Assistance to the water department 
can properly be secured from the per- 
sonnel of the police department and 
the street crews. These municipal 
employees, covering the entire town at 
all times, can be of great help in re- 
porting leaks if they feel that such 
cooperation is appreciated by the wa- 
ter department. If the water shortage 
or wastage is severe, newspaper pub- 
licity or advertising campaigns, even 
offering small rewards for the detec- 
tion of waste or leaks, can be inaugu- 
rated. 

If the water works personnel are 
unable through their own efforts to 
rdeuce unaccounted-for water to an 
acceptable figure, it is usually eco- 
nomical to secure the service of a pro- 
fessional leak-detecting company, which 
will make a thorough survey of the 
system to determine where the un- 
accounted-for water is going. These 
surveys are very successful and man- 
agement will benefit by obtaining such 
professional assistance whenever the 
department’s own resources are ex- 
hausted. 


Water Rates 


Many water works operators find 
that, despite good rules of manage- 
ment and diligent attempts to reduce 
costs, they have reached or are ap- 
proaching a monetary deficit in these 
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times. The only answer then is an 
increase in rates. 

Much information has been accumu- 
lated and presented to the water works 
profession to establish certain facts 
and provide firm estimates of future 
trends in water system costs. For the 
typical or average water works, these 
data indicate : 

1. Maintenance and operating costs 
have continued to increase since 1937, 
with sharp rises since 1942. 

2. An increase in revenue from wa- 
ter sales has been experienced during 
the same period, but generally it has 
not equaled the increase in operating 
and maintenance costs. 

3. Capital improvements and normal 
maintenance have been deferred in this 
same period, resulting in a “profitless 
prosperity” for many water systems. 

4. Water works construction costs 
have increased 80 to 100 per cent in the 
same period, and some authorities do 
not expect them to stabilize at more 
than 20 per cent below present levels. 
This being true, the actual dollars set 
aside from gross revenue must be in- 
creased by the same percentage if a 
like degree of development and service 
is to be maintained in the future. 

5. By and large, to meet these in- 
creased costs adequately, water rates 
must be increased 25-30 per cent over 
the 1935-38 level. 

6. The water works that has not 
increased rates is bleeding its capital 
account to meet the increased operating 
and maintenance costs. It is putting 
off the day of reckoning until major 
improvements are required to prevent 
a breakdown of service, or until net 
income is completely wiped out. 

Table 1 shows the financial trend 
of ten municipalities in Ohio since 
1937. It is significant that the operat- 
ing ratio (operating and maintenance 
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costs expressed as a percentage of 
gross revenue) has increased in eight 
out of ten of these municipalities, gen- 
erally by substantial percentages over 
the period, and that the percentage has 
increased in nine of them in the last 
five or six years. (The tenth increased 
rates, thereby changing the trend.) 
The municipalities were picked at ran- 
dom from communities of less than 
50,000 population where knowledge of 
the financial records verifies their rea- 
sonable accuracy. 


TABLE 1 


FULLER Jour. AWWA 
putting off buying new equipment and 
granting wage increases, or are operat- 
ing an inadequate system because suf- 
ficient rate increases have not been 
made. 

What can be done locally about an 
inadequate water works income? In 


Ohio, the city auditor or village clerk 
each vear prepares a financial state- 
ment showing the annual gross revenue 
(water sales) from water works opera- 
tion and the annual operating and 
maintenance costs. 


With the coopera- 


Operating Ratio 


Gross Revenue 


$ 


Op. & Maint. Cost 


op. per cent 
| | | 
| 1937 1942, | 1948 | 1937 1942 1948 1937 1942 | 1948 
1 44,000 | 199,087 219,702 | 289,284 | 94,321 | 121,277 | 227,763 | 47.5 55.5 | 79.1 
| 2 | 31,000 | 141,850 | 160,159 | 239,152 | 78,882 | 106,408 | 171,542 | 55.5 | 66.0 ri me 
3 | 10,000 58,100 | 73,135 | 87,604 | 42,254 | 48,110) 73,985 72.5 | 66.0 | 84.2 
4 | 9,000 | 73,264!) 73,096 | 94,599 | 29,750 31,969 59,841 40.5 43.5 | 63.1 
5 8,000 | 37,683 | 48,996 | 74,883 | 29,112 | 28,304 | 47,367) 77.0 58.0 | 63.2 
6 | 6,000 42,714) 44,590 | 59,978 | 15,546 | 20,910 | 42,494 36.5 47.0 70.9 
7 | 6,000 | 27,4006 | 35,577 | 43,852 | 14,086 18,369 | 31,553 $1.5 34.5 71.9 
8 | 5,000 | 15,351| 18,913 | 41,950 | 13,392 | 14,072 | 30,006 86.0 74.0 71.5 
9 | 1,895) 7,216; 8,380 | 16,533 | 5,281 4,890 | 16,823 73.0 58.5 | 101.8 
10 1,757 4,063 | 5,700* 9,698 | 2,441 | 5,100*, 9,867 | 60.0 89.5* | 101.7 
| | 
| i 
| | Average, 60.0 61.0 77.9 


* 1941 figures. 


The proof that a great many public 
officials find it difficult to accept and 
to act on such data is indicated by the 
fact that up to the present few munici- 
palities have increased water rates suf- 
ficiently to offset this trend. 

It is believed conservative to state 
that three-fourths of the water works 
are facing financial difficulty or are at 
present on an unsound financial basis 
as a result of the current price situa- 
tion. Rate increases will be the only 
means of correcting much of this de- 
ficiency. Many water works men are 


tion of the auditor or clerk, these fig- 
ures can be secured for any number 
of years. A study of the differences 
between gross revenue and operating 
and maintenance expenses for each of 
these years will indicate the financial 
trend. If the operating and mainte- 
nance expenses are as great, or almost 
as great, as the gross revenue for the 
last two or three years, or if this dif- 


ference is approaching a_ vanishing 


point, deficits will be experienced in 
the near future and a breakdown of 
function will necessarily follow unless 
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corrective action is taken. When this 
difference between gross revenue and 
operating and maintenance costs is less 
than 25-40 per cent of thet gross rev- 
enue, it may be that existing debt serv- 
ice costs or the costs for future major 
construction cannot be met without an 
increase in rates. 

It is believed that if water rate in- 
creases are needed, one of the most 
effective arguments that can be used 
as a justification at present is the in- 
crease in operating and maintenance 
expenses, the management’s actual ex- 
perience in increased cost of construc- 
tion materials and the diminishing net 
income of the water system. Not many 
officials want to operate in the red or 
show reduced balances for their admin- 
istration. Of course, further evidence 
that rate increases may be needed 1s 
the rise in freight rates since the late 
‘thirties; the general increase in labor 
costs, including factory and construc- 
tion wages ; and the higher cost of pipe, 
boilers, electric motors and other water 
works supplies and equipment (2). 
Another important justification for the 
municipal water works is the fact that 
it is not uncommon today for regula- 
tory commissions to grant as much as 
a 25 per cent rate increase to private 
water utilities because of these inflated 
costs. 

From a review of conditions influ- 
encing water system costs the one well 
established fact which every water 
works man should recognize, and— 
more important for the common good 
—should bring home to the officials 
and citizens of each municipality, is 
that the general trend of water rates 
is upward and conditions cannot be 
visualized which will cause it to be 
halted. Prewar prices will not return. 
Water rate imcreases must come in 
most municipalities. 
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Main Extensions 


The difficulties in maintaining ade- 
quate service are further intensified by 
the increased demands upon the water 
system for main extensions. The 
present cost of water lines is now 
double the prewar cost, and the proper 
financing of these extensions presents 
a real problem for the water works 
manager. 

A review of present-day practices 
employed to meet this situation indi- 
cates a wide variation between water 
systems, as well as considerable varia- 
tion in the policies of any one system 
over an appreciable length of time. 
This lack of standardization seems to 
arise from the acceptance of two basic, 
but sometimes conflicting, premises : 
[1] a water works should be operated 
as a business venture earning its own 
way, with the results of good manage- 
ment being reflected in either better 
service or reduced rates; [2] a water 
works is an instrument of public serv- 
ice, owned and operated for the public 
benefit, including the consideration that 
every citizen of the political subdivision 
served is entitled to equal service re- 
gardless of location or proximity to an 
existing water line. 

The first premise provides a sound 
basis for management to act upon and 
is generally well received by the water 
customer who foots the bill and by the 
public at large. However, the public 
will feel a deficiency in such a policy 
when its interests are centered upon 
the desirability of a service which can- 
not be rendered within the limitations 
of such a premise. The premise is 
purely economic in viewpoint, and un- 
der it main extensions can be financed 
by the water works only if the revenue 
from the extension will pay for the 
cost of the installation. 
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The second premise, that of public 
service, takes into account such factors 
as the public health, the favorable in- 
fluence of water service on desirable 
residential developments and the rights 
of all property owners to enjoy fire 
protection and a public water supply. 

Regardless of the premises under- 
lying water main extension policies, it 
must be recognized that many times 
financial restrictions ultimately deter- 
mine whether or not a main is ex- 
tended. For this reason, in many sys- 
tems the two underlying premises are 
often combined in varying degrees un- 
der different circumstances to produce 
a policy which may be only temporarily 
expedient. 

To keep the water works on a sound 
financial basis, the management must, 
first, provide sufficient funds for op- 
eration and maintenance; second, it 
must provide sufficient funds for de- 
preciation or sinking-fund require- 
ments and to meet existing debt 
service; and, third, it must provide a 
reasonable reserve for ordinary plant 
expansion which can include some ex- 
tensions each year if the revenue from 
these extensions will be sufficient to 
amortize their cost. These require- 
ments call for long-term planning and 
are affected by changes in policy, in- 
cluding main extension practices. 

It is this shifting of policy, particu- 
larly under municipal operation when 
these changes are quickly brought 
about, which presents one of the big 
problems of management. It is difficult 
to meet a situation in which a well 
established reserve—built up to pro- 
vide plant betterment, plant expansion, 
new equipment or other needed facili- 
ties—is wiped out by an order to 
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extend water mains into areas where 
the anticipated revenues will not retire 
the investment. The difficulty is espe- 
cially aggravated if rate increases are 
objected to as a means of subsidizing 
such investments. 

These and similar common practices 
bring about the need for well prepared 
model rules or policies fostered by 
public-spirited groups. Will such poli- 
cies have to include the concept of 
providing main extensions which are 
justifiable in the opinion of the legis- 
lative bodies regardless of anticipated 
earnings? The question may arise 
whether the only stringent require- 
ments should be that a sound financial 
structure for the water works be main- 
tained and that orderly planning be 
accomplished so that service is not 
jeopardized. 

It is obvious that the problem of 
main extensions ‘and their financing is 
directly comparable to the problems 
discussed in the first part of this paper. 
Not only does a water works manager 
now have little if any surplus available 
at the end of a vear for extensions and 
betterments, but the cost of such ex- 
tensions is now double prewar costs 
for similar items. Without water rate 
increases, it is difficult to see how the 
water system can function properly to 
furnish service sufficient for existing 
needs, to say nothing of undertaking 
main extensions, particularly in a rap- 
idly growing community. 
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Preventing the Diversion of Water Revenue 
By J. Raymund Hoffert 


A paper presented on Oct. 22, 1948, at the Joint Meeting of the Four 


States and Western Pennsylvania Sections, Philadelphia, by J. Ray- 


UNICIPALLY owned water 

works are managed and oper- 
ated in many different ways. Some- 
times they are under the control of an 
independent agency, such as a water 
commission or an authority, responsi- 
ble only to the citizens themselves and 
to any bondholders who may be in- 
volved. Or the water works may be 
operated as a separate department or 
—perhaps more generally—as a bureau 
within a department of the municipal- 
ity, which may manage many other 
municipal services, such as the con- 
struction of municipal improvements, 
the operation of the sewerage system 
and ash and garbage collection. Such 
a department is usually responsible 
only to council as a whole, although it 
may be under the control of a munici- 
pal “commissioner” or a councilman. 
The water works may also be under the 
control of a councilmanic committee, 
or again, in the smaller communities, 
it may be under the supervision of a 
single municipal employee, who may in 
fact be a one-man department of public 
works. 

The revenues derived from munici- 
pal water service are likewise handled 
in a wide variety of ways. Under wa- 
ter commission control they will gen- 
erally, and under an authority they 
must, be kept separate for the sole use 
of those bodies. But otherwise the 
water works revenues may be paid 
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either to the water bureau or depart- 
ment or to the municipal treasurer. 
These revenues may be credited to the 
water works and segregated for its use 
or they may be diverted into the gen- 
eral fund of the municipality for gen- 
eral municipal purposes, with or with- 
out part of the money being earmarked 
for outstanding water works obliga- 
tions. Alternatively, money may be 
allocated to the general use of the de- 
partment or bureau within which the 
water works lies. 

In brief, the water works may get 
the entire water revenue, only a part 
of it or none at all. In the latter event, 
it must depend upon an allotment in 
the councii’s annual budget, which may 
or may not bear a sound relation to the 
actual, properly determined financial 
needs of the water works. The amount 
may be only as much as the council 
feels it can provide in the annual bud- 
get with due regard to the taxpavers’ 
attitude toward tax increases. 

Obviously, the effect of the diver- 
sion of water works revenues to other 
municipal purposes will vary with the 
situation but, in general, it seems most 
desirable to avoid such diversion by 
proving it to be unfair and unsound. 
But before it can be said whether or 
not a diversion is justifiable or harmful 
to the water works, it is necessary to 
consider the facts of the particular sit- 
uation. Must it not be admitted that 
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when the charge for water service ex- 
ceeds its reasonable total cost—includ- 
ing reserves for future replacements, 
extensions and improvements—there is 
a “profit” which is in effect an addi- 
tional tax by the municipality and can 
justifiably be used for general pur- 
poses ? 

The ideal arrangement—the one 
which would most assuredly discourage 
the diversion of funds—would be a 
charge for water works service which 
just covers all the costs of such service 
with a limited reserve for emergencies. 
This is essentially the principle under- 
lying the rates allowed to an authority 
under Pennsylvania law. These rates 
would include all capital carrying 
charges; operating, repair and depre- 
ciation costs: a reserve for properly 
planned extensions, enlargements and 
improvements to meet future needs; 
and funds for emergencies and dis- 
asters. 

Such a practice would be in accord- 
ance with true cost accounting and in 
keeping with the original plan for the 
collection and use of charges for spe- 
cific services and fees for special pur- 
poses, such as automobile license fees 
and gasoline taxes for highway funds. 
Under this procedure, especially if the 
public is fully informed that the water 
“rent” only covers the actual cost of 
the service, there is much less danger 
of diversion of the revenues. It is 
true that in more recent years in some 
of the states there have been diversions 
of such funds as auto license fees, es- 
pecially during the depression period. 
However, when the funds have been 
from fair and not 
and gasoline taxes, 
there has been strong and concerted 
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license charges 
resistance to such diversion unless it 
was in the form of a loan to be repaid 
to the highway fund. 
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Incidentally, there can be no valid 
objection to a properly secured loan 
from the currently unneeded reserves 
of a water works, highway or other 
fund to serve some presently urgent 
need in another field, any more than 
there can be against any other proper 
loan. The only thing to be guarded 
against, and the one which the op- 
ponents of diversion fear, is the failure 
to have the funds repaid. 

City Council Viewpoint 

Since it is always wise to fortify 
one’s own position by examining the 
motives and arguments of the other 
side, it is well to look at the diversion 
of water service revenue through the 
municipal councilmen’s eves. Govern- 
ment, which originally had one pur- 
pose, now has two. Its principal aim, 
of course, is to govern its citizens at 
home and to represent and_ protect 
them in their dealings with other peo- 
ples. For this purpose it administers 
laws and maintains diplomatic and 
military establishments and_ collects 
taxes to support these activities. A 
secondary and more recent responsi- 
bility, which an increasing number of 
citizens seem to feel is its main func- 
tion, is the giving of services of all 
kinds. 

Obviously, the only sources of rev- 
enue which the government has are 
taxes or service charges. Since the 
government has the power to make the 
taxes sufficient to cover all of its costs, 
however high, their only limit is the 
taxing officials’ idea of “what the traf- 
fie will bear” and the taxpayers’ will- 
ingness to bear it. 
ficials must recognize the power of the 


However, the of- 
voters’ opposition to taxes. Hence, 
they must try to strike a reasonable 
balance between the costs of govern- 
ment (including services) and what 
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the taxpayers are willing to pay. They 
therefore look with favor upon any 
source of revenue which cannot be 
readily labeled “taxes.” 

To the councilmen responsible for 
raising funds for all the costs of gov- 
ernment, including the special services, 
all the revenue coming into the coffers 
of the government is for one purpose 
only—the payment of the costs of gov- 
ernment. Hence, it is all to be used 
where it will serve best. If the costs 
of ash and garbage collection are less 
than the amount brought in by the 
charges for this service, why should 
not the balance be used to pay for other 
government needs? What more nat- 
ural than that “profits” from the water 
works should be “diverted” to help 
pay for some other part of the total 
costs of government for the year? 

The danger, of course, lies in the 
fact that the councilmen, generally not 
being water works officials or engi- 
neers, often are optimistic as to the 
future and may see a “profit” in the 
water works revenues when they are 
really only sufficient to meet the legiti- 
mate costs of the service—or perhaps 
not even all of those costs, such as the 
amount needed for extensions and im- 
provements. 


Rate Policies 


Water rates should be based upon 
one of two opposite policies: They can 
be set at a level sufficiently high to 
meet all the water works expenses plus 
an additional sum which is a true profit 
and which should be used for the other 
expenses of the government; or the 
water rates may be set at a level which 
will cover only the true costs of the 
service, with no diversion of funds to 
other purposes permitted. 

In many municipalities, especially in 
some of the midwestern states, a large 
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part of the costs of government is paid 
from the profits of such municipally 
owned facilities as the electric generat- 
ing plant and the water works. When 
the basis of the charge is fully under- 
stood and it is really high enough to 
pay not only for the costs of water 
service but also for the general costs 
of government, there can be no quarrel 
with the plan nor complaint against 
diverting the true profit. 

But if the second, and to the author’s 
mind the more logical, policy is adopted 
of charging only for the true cost of 
the water works service, then, mani- 
festly, any diversion of funds should be 
resisted. If not, sooner or later that 
service must suffer through lack of 
repairs, inferior operation, inadequate 
extensions and improvements, or lack 
of reserves to cover depreciation, ob- 
solescence and emergencies. 

The further one gets away from true 
cost accounting and a true portrayal of 
purposes, the greater the danger of 
misunderstanding, dissatisfaction and 
misuse of revenues. Therefore, except 
in those municipalities where the cost 
of government is openly recognized as 
being paid for principally by the profits 
from municipally owned utilities, the 
second method should be adopted and 
faithfully followed. If this is done and 
proper steps are taken to acquaint the 
water users fully with this policy, there 
will be greater satisfaction on the part 
of the users and a greater assurance 
to the water works of adequate and 
dependable funds. 


Essential Measures 


For this program to succeed, how- 
ever, certain measures are essential. 
First, there must be foresightedness to 
plan ahead for the operation and the 
future development and improvement 
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of the water works. Obviously, this 
means accurate, efficient and enlight- 
ened engineering and sound economic 
appraisal and forecasting. 

Next, there must be fairness—fair- 
ness in estimating the costs of con- 
struction, operation, depreciation and 
future needs—in setting up the charges 
for water service. The rates should 
include some reserve for emergencies 
proportionate to their probability of 
occurrence, but when a reasonable re- 
serve has been accumulated, this item 
should not be continued in the rate. 
A real profit must be honestly and 
continually eschewed. 

Then there must be forthrightness. 
The water users must be told not only 
frequently and tactfully, but effectively, 
about the policies of the water works 
management. It should be made plain 


to them that the rates are determined 
in such a way as to provide only for 


the actual costs of water service, that 
they do not include a profit and that 
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any diversion can only result in pres- 
ent or future impairment of the service. 

And, lastly, there must be fearless- 
ness to fight boldly against any diver- 
sion of revenues. If the water rates 
have been honestly established upon a 
nonprofit basis, supported by the data 
necessary to a sound determination of 
the engineering and economic require- 
ments, and the water users have been 
acquainted with these facts through a 
wise public relations program in the 
past, it will be difficult indeed for a 
governing body to succeed in diverting 
the water works funds. If diversion is 
threatened, carrying the case to the 
water users will in all probability end 
the danger. 

Admittedly, this proposal runs coun- 
ter to the established practice in many 
a municipally owned water works, but 
the author believes that in the long 
run it will return greater benefits and 
provide more satisfaction than any 
other procedure. 
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New Indicator for Carbonate Alkalinity 
By Michael Taras 


A contribution to the Journal by Michael Taras, Sr. San. Chemist, 
Dept. of Water Supply, Detroit. 


OUR indicators of the disazostil- indicator. The sole precaution to be 

beneaminedisulfonate series have observed in its application is the prior 
recently been suggested for the bicar- dechlorination of the sample with a 
bonate or total alkalinity determina- drop of 0.1 N sodium thiosulfate. 
tion (1, 2). Another dye of this In addition to the carbonate alkalin- 
series has been prepared which is suit- ity titration, the indicator has been 
able for the determination of carbonate found to give comparable results with 
or so-called phenolphthalein alkalinity. phenolphthalein in the determination of 
Like some other members of this indi- hydroxide and carbonate ion by the 
cator series, this compound changes standard procedure. 
from a pink to a blue, justifying its , eee 
use in where Indicator Characteristics 


endpoint of phenolphthalein is obscure Schultz (3) confers the formula: 


SO.H 
N CH=CHK_N=N NH: 


and even invisible. on the dyestuff formed by coupling 
Although the monochromatic change a-naphthylamine with tetra-azotized 
of phenolphthalein closely approaches acid. 
perfection under ideal conditions, oc- In the color trade, the dye is recog- 
casions arise when individuals experi- nized as Hessian Bordeaux. 
ence difficulty in detecting the slowly The dye is prepared by tetra-azotiz- 
developing endpoint of the carbonate ing 9.25 g. (0.025 M) 4,4’-diaminostil- 
alkalinity determination. Such indi- bene-2,2’-disulfonic acid, Eastman Ko- 
viduals are, however, able to distin- dak T4613, with 8.9 g. (0.06 M) a- 
guish a light-to-dark color transfor- naphthylamine, Eastman Kodak 172, 
mation. in 100 ml. of 50 per cent acetic acid 
The indicator, disodium 4,4’-bis(4- solution. The use of half-strength 
amino-l-naphthylazo)-2,2’-stilbenedi- acetic acid must be emphasized since 
sulfonate, has been found to provide it is essential to the production of a 
the necessary striking transition. The superior indicator. The recommended 
principal color change is operative in procedure is first to dissolve the amine 
the same pH range (about 8.2) as_ in 50 ml. of glacial acetic acid and then 
phenolphthalein, enabling the new dye _ dilute the solution, with stirring, to 
to be substituted for the more familiar 100 ml. 
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After the acid dye has been filtered 
by suction, it is advisable to transfer 
the dye from the filter paper and wash 
it three or four times with 95 per cent 
ethyl alcohol or distilled water. This 
operation removes practically all trace 
of acetic acid. 

Since the indicator shows a remark- 
able tendency to hydrolyze in aqueous 
solution, an acetone solution must be 
prepared, which is stable indefinitely. 

With these exceptions, the prepara- 
tion remains the same as described in 
previous papers (1, 2). 

The pH range of the indicator was 
ascertained in the sodium hydroxide— 
boric acid buffers of Clark and Lubs 
(4). Ten drops of 0.1 per cent indi- 
cator solution were added to 100 ml. 
of buffer solution and the resulting 
colors viewed in Nessler tubes. The 
alkaline color of the indicator is pink. 
The first change to mauve occurs at 
a pH of 8.2. All alkalinity titrations 
were conducted to this pronounced 
mauve shade. The mauve rapidly 
deepens to purple at a pH of 8.0 and 
then to the final bluish hue at a pH 
of 7.6. 

Like the other indicators of the stil- 
bene series, this dye is insoluble in the 
transition and acid range, rendering 
the indicator unserviceable for the col- 
orimetric determination of pH over 
any extended period of time. How- 
ever, the gradual insolubility serves as 
an advantageous warning of the immi- 
nence and presence of the endpoint. 


Experimental Details 


Three sets of standard solutions were 
used in this investigation: 0.02 N sul- 
furic acid and 0.02 N hydrochloric acid ; 
0.01 N sodium carbonate and 0.01 N 
sodium hydroxide; and a color solu- 
tion adjusted so that 1 ml. diluted to 
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101 ml. would yield 70 ppm. of color. 
The method of preparing and stand 
ardizing these solutions and of titrat 
ing the alkalinity content has been 
presented in previous papers (1, 2), 

The determination of the hydroxide 
and carbonate ion was carried out in 
accordance with Standard Methods 
(5). The strontium chloride method 
of determining hydroxide ion was used 
because of the superior accuracy pos- 
sible with it. A 100-ml. sample was 
treated with sufficient 0.45 per cent 
strontium chloride to react with all of 
the carbonate ion present, and then 4 
ml. excess was added. The stoppered 
flask was boiled two to three seconds, 
cooled and titrated with standard 0.02 
N acid to the mauve endpoint of the 
new indicator and the colorless end- 
point of phenolphthalein. 

Carbonate ion was determined by 
the barium chloride method, a slight 
excess of 10 per cent barium chloride 
being added to the sample and the ti- 
tration carried out with 0.02 NV hydro- 
chloric acid to the same endpoints as 
above. 

Ten drops of a 0.1 per cent solution 
of the new indicator sufficed for every 
100-ml. sample taken, whether color 
was present or absent. Titrations were 
performed in an Erlenmeyer flask and 
in a casserole. 

The synthetic solutions represented 
in Table 2 (see p. 530) were prepared 
by mixing the required 0.01 N solu- 
tions of sodium hydroxide and sodium 
carbonate and diluting to 100 ml. with 
carbon dioxide-free distilled water. 

Colored solutions were prepared by 
the addition of 1 ml. of standard color 
solution to 100 ml. of the above syn- 
thetic solutions. A total color of 70 
ppm. was present in each sample before 
analysis. Titration was conducted to 
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the first color change of the indicator, 
usually a transition from reddish-or- 
ange to dirty green. Each of the 
softened natural waters was similarly 
treated with color solution in order to 
study the effect of the indicator on a 
colored natural water. 

The treated waters used in these ex- 
periments were obtained from two 
different softening plants. Ann Arbor 
raw water is softened by a lime-soda 
split treatment, a substantial reduction 
in magnesium, as well as calcium, 
hardness being effected. The surface 
water which constitutes the source of 
Flat Rock influent is lime-softened, 
primarily for calcium hardness reduc- 
tion. 

For purposes of comparison, parallel 
titrations were: performed with phenol- 
phthalein indicator; and to avoid an 
appearance of fictitious accuracy, all 
final values were rounded off into 
whole numbers. 


Effect of Chlorine 


The unusual unsaturation of the 
disazostilbene molecule makes this se- 
ries of indicators susceptible to chlo- 
rine reaction. In the presence of acid, 
the chlorine combines with the dye, 
vitiating the indicator properties of 
the compound. To obviate this tend- 
ency, one drop of 0.1 N sodium thio- 
sulfate must be added to the sample 
before titration. No significant error 
is introduced by the step. The quan- 
titative buffer effect of thiosulfate was 
determined by adding one drop of 
0.1 N sodium thiosulfate to 100 ml. 
of distilled water and comparing the 
resultant pH with that of untreated 
distilled water. In both tests, the pH. 
determined with a Coleman Model 3D 
pH Electrometer, was the same—5.8. 
A similar coincidence was noted in so- 
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lutions to which one drop of 0.1 N 
sodium thiosulfate and one drop of 
0.02 N sulfuric acid were added. The 
solution containing one drop of 0.1 N 
sodium thiosulfate plus one drop of 
0.02 N sulfuric acid gave the same 
reading, 5.3, as the solution containing 
one drop of 0.02 N sulfuric acid alone. 
Since one drop of 0.1 N sodium thio- 
sulfate is equivalent to 1.8 ppm. of 
chlorine, dechlorination with this re- 
agent is justified for most water sup- 
plies. 

Each of the softened natural waters 
was dechlorinated with one drop of 
0.1 N sodium thiosulfate prior to titra- 
tion with the new indicator. No so- 
dium thiosulfate was added to the 
sample taken for analysis with phenol- 
phthalein. The uniformly close agree- 
ment between the samples containing 
one drop of thiosulfate (new indicator ) 
and samples from which thiosulfate 
was omitted (phenolphthalein) further 
attests to the feasibility of adding small 
amounts of sodium thiosulfate without 
impairing the results. 


Neutralization Titrations 


Coupled with the preceding applica- 
tions, the indicator may be employed 
for the typical neutralization titration, 
in which an acid is titrated with stand- 
ard alkali. In this event, the indicator 
color change is reversed and the titra- 
tion is carried from the blue to pink. 

The four common laboratory acids 
(sulfuric, hydrochloric, nitric and ace- 
tic) in 0.1 N concentration were found 
to yield values comparable to phenol- 
phthalein when titrated with sodium 
hydroxide of corresponding strength. 
In performing this particular titration, 
however, the determination should be 
started immediately upon the addition 
of the indicator to the acid solution, 
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TABLE 1 
Titration of 100-ml. Synthetic Sodium Carbonate Solutions * 


| 
Carbonate Alkalinity Carbonate Ion | 1-ml. Color Solution and 
a Found With: Found With: New Indicator Present 
arbonate 
Alkalinity 
dded Phenol- New Indi- Phenol- New Indi- Alkalinity Carbonate 
phthalein cator phthalein cator lon 


ppm. 


5 5 5 1 1 5 1 
10 10 10 2 2 10 2 
25 25 25 7 7 25 7 
50 49 50 16 15 50 15 

100 100 100 31 30 100 30 
250 252 252 74 74 | 253 74 
501 502 


* All values represent the average of five determinations. Alkalinity results are expressed as calcium carbonate. 


TABLE 2 


1-ml. Color Solution and New 


Hydroxy! Ion Found With: | Carbonate lon Found With: 


Phenolphthalein | New Indicator | Phenolphthalein New Indicator Hydroxide lon | Carbonate Ion 


7 | 8 7 | 7 
15 15 | 15 14 | 15 15 
30 31 30 30 31 30 


75 76 


* All values represent the average of five determinations. 


TABLE 3 
Titration of 100-ml. Samples of Treated Natural Waters * 


linit y Found | 1 Cok Solutic m and 
With: New Indicator Present 
Water Phenol- | New Phenol- New Phenol- | New Hy- | *. 
phthal- | Indi- phthal- Indi- phthal- Indi- droxyl 
ein | cator ein cator ein cator y Ion 
| ppm. 
Ann Arbor Treated} 26 | 6 26 3 6 
Ann Arbor Filtered) 14 | 14 2 |} 2 | 4 | 4 | 14 2 4 
Flat Rock Treated] 28 | 28 3 3 | 6 | 6 | 28 3 6 
Flat Rock Filtered} 26 | 26 3 | E 6 | 6 | 26 3 6 
Flat Rock Tap 7 | 7 Pin. a 2 | 2 | 7 1 | 2 
| 


* Alkalinity results expressed as calcium carbonate. 


4 
: Titration of 100-ml. Mixed Synthetic Sodium Hydroxide—Sodium Carbonate Solutions * 
ppm. 
Cis | 75 | 76 | 76 | 15 


because the indicator precipitates out 
and presents difficulties of solubilizing 
if allowed to stand for a time in an 
acidic medium. 


Discussion 


The data in Table 1 show that the 
indicator may be used effectively in 
the routine titration of the carbonate 
alkalinity of synthetic sodium carbonate 
solutions. Table 2 reveals that the in- 
dicator may also be employed for the 
quantitative differentiation of hydrox- 
ide and carbonate ions present in syn- 
thetic solutions of these constituents. 
Table 3 discloses that the indicator is 
adaptable to the standard determina- 
tion of carbonate alkalinity and hy- 
droxide and carbonate ions which are 
found in a softened natural water. 

The indicator yields virtually the 
same results as phenolphthalein in each 
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of the above instances. Furthermore, 
the indicator is acceptable for titrations 
in which the colorless endpoint of 
phenolphthalein is masked by color. 

The indicator is also useful in nor- 
mai acid-base neutralizations in place 
of phenolphthalein. 
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Erratum 


In the paper “Maintenance of Electrical Equipment” by W. J. Seibert, 
which appeared in the March 1949 Journat (Vol. 41, p. 240), the second 
sentence of the third paragraph of column two contains an error. This 
sentence, which now reads: 


The motor should then be reassembled, taking care to see that the end 
bells line up and that the current between the rotor and stator is correct. 


should have read: 


The motor should then be reassembled, taking care to see that the end 
bells line up and that the clearance between the rotor and stator is correct. 


- 


HE hydraulics of hydropneumatic 
installations was discussed recently 
in considerable detail by Oscar G. 
Goldman (1). Pressure tanks for the 
storage and distribution of water are 


particularly applicable to small water. 


systems at developments, country clubs, 
camps, private estates and similar es- 
tablishments where little fire protec- 
tion may be desired. Pressure tank 
water systems have also been designed 
to serve relatively large communities. 

Private dwellings with individual wa- 
ter supplies usually have hydropneu- 
matic systems. The Federal Housing 
Administration (2) requires in New 
York State “a pressure tank containing 
approximately 42 gal. per living unit.” 
The Michigan Dept. of Health (3) 
suggests, as an approximate rule for 
the selection of pressure tank sizes for 
small systems, that the tank have a 
volume “30 times the pump capacity 
in gallons per minute.” Such a basis 
must first assure that the source has a 
yield sufficient to supply the pump 
selected and meet the water demand. 
As is apparent, these bases for pres- 
sure tank sizes have limited application. 

There is need for a quick and sim- 
ple method of determining the mini- 
mum size of water storage pressure 
tank and pump to provide for a small 
water system in which the maximum 


The Design of Pressure Tanks for 
Small Water Systems 


By J. A. Salvato Jr. 


Al contribution to the Journal by J, A. Salvato Jr., Dist. San. Engr., 


New York State Health Dept., Poughkeepsie, N.Y. 


daily consumption does not exceed ap- 
proximately 50,000 gal. Such a 
method is developed in this paper. 


Theory 

Assume that a pressure tank has a 
total volume equal to Q gallons. The 
air pressure and volume in the tank, 
when the temperature is held constant, 
will follow Boyle’s well known law: 
pv equals a constant. With variation 
in the absolute pressure from /p, to p, 
the air volume will vary from v, to v.; 
hence: 


When the pressure tank is just empty, 
its volume is equal to v, and the pres- 
sure to then: 


The water available between fp, and p, 
is (0 —v,). This volume is usually 
made equal to ten or fifteen minutes’ 
storage at the maximum hourly de- 
mand and will be called Q,,. There- 
fore: 


= Q — U2 
(3) 


or: 


Using the data developed by Gold- 
man, Q,, is equal to the storage at the 


| 
: 
1 
| 
532 


June 1949 


maximum hourly demand rate, assum- 
ing that all the water for a day is used 
in twelve hours. The maximum hourly 
rate equals 2.0 times the maximum 
daily rate, and the maximum daily rate 
equals 1.5 times the average maximum 
monthly rate. (For example, if the 
average maximum monthly water con- 
sumption is 60,000 gal., this would 
correspond to 2,000 gpd., or, if all the 
water is used within twelve hours, the 


maximum daily rate would be 1.5 < 


24 
2,000 6,000 gpd. The maxi- 


mum hourly rate would then be 2 x 
6,000 = 12,000 gpd., or 8.33 gpm. 
The fifteen-minute storage, O,,, would 
be 8.33 X 15 = 125 gal.) 

Substituting Eq. 2 and 3 in Fq. 1: 


= — On) 


Q = 


~ 


Application 


It is therefore possible to compute 
directly the required volume of a pres- 
sure storage tank by substituting in 
Eq. 4. For practical purposes, /, 
(absolute) can be taken as equal to 
the required minimum gage pressure 
at the storage tank in pounds per 
square inch, plus atmospheric pressure, 
needed to operate satisfactorily the 
highest fixture. Atmospheric pressure 
may be taken as 14.7 psi. and the pres- 
sure at the highest fixture as 15 psi. 
Of course, all head that are 
significant must also be taken into con- 
sideration. The value of p. (absolute) 
is usually between 10 and 20 psi. 
greater than /,, with the smaller varia- 
tion being recommended. Since Eq. 4 
is based on an empty pressure storage 


losses 
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tank, the inlet and outlet pipelines 
should enter and leave at the bottom. 
If the water lines enter and leave the 
tank from the ends or sides, above the 
bottom, then a minimum water seal is 
required at all times above these lines 
and the required pressure tank volume 
should be computed above this level. 

The size of the pump required can 
be taken at 120-125 per cent of the 
maximum hourly demand rate in gal- 
lons per minute. 

Figure 1 has been prepared from 
Eq. 4 to simplify and expedite the cal- 
culations to obtain the required pres- 
sure tank and pump size. It is based 
upon the provision of fifteen minutes’ 
storage at the maximum hourly de- 
mand rate and a pump capacity of 125 
per cent of this rate in gallons per 
minute computed as explained above. 

For example, say that the maximum 
water consumption, based on the maxi- 
mum monthly rate, is equal to 6,000 
gpd. The required niinimum gage 
pressure is 40 psi., and the maximum 
gage pressure is taken as 50 psi. The 
ratio of p, to p. absolute is: 


40 + 14.7 


Find 6,500 gpd. on Fig. 1 and move 
horizontally to the right to the curve 
p 

~* = 0.85 and then down to the pres- 


sure tank volume, 2,710 gal. A 3,000- 
gal. tank should therefore be used. 
To find the required pump size, move 
horizontally from 6,500 gal. to the 
pump capacity curve and then up to 
34 gpm. A 35- or 40-gpm. pump 
should be used, depending upon what 
is available. 

If only ten minutes’ storage is de- 
sired, take two-thirds of the pressure 
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tank volume indicated by the curve. References 

The curve can be adapted for greater 1. GotpMan, Oscar = Hydraulics of 
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ample, if the average maximum daily 2 Requirements for Individual Water Sup- 

water consumption is 50,000 gal. and ply and Sewage Disposal Systems. 


Pump Capacity - gpm. 
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/ 


c 
2 
= 
a 
E 
3 
c 
= 
= 
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Pressure Tank Volume — gal. 
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The author’s paper is a worthy con- 
tribution, further stressing the neces- 
sity of good design in hydropneumatic 
installations. Experience shows that 


the development of this type of instal- 
lation for domestic water distribution 


c 


Fic. 2. 


has been sadly neglected. This neglect 
is largely due to a misunderstanding of 
the design fundamentals, with a_ re- 
sultant failure of the tank to perform 
when installed. It should be stressed 
that the size or volume of the tank is 
of no value in itself. The usefulness of 
the tank depends on the ratio of the 
volume of air to the volume of water 
which can be removed for any prede- 
termined pressure drop. 


PRESSURE TANK DESIGN 


Discussion 


535 


The author’s Eq. 4 is very useful 
and easily applied. It should be em- 
phasized, however, that the equation 
assumes an empty tank at the minimum 
pressure condition. In this type of 
installation it is extremely important 
that provision be made for a water seal. 
Without an adequate water seal, the 
variations in air temperature which oc- 


Nomograph for Eq. 5 


cur present a real danger of air get- 
ting into the distribution system. A 
properly installed control should also 
be provided to relieve the excess air 
due to expansion caused by a rising 
temperature. Likewise, the finished 
installation should include means for 
supplying air to the tank when the 
temperature falls. 

Attention is also directed to the fact 
that the curves proposed by the author 
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are for particular conditions of demand 
and use, which will differ from place 
to place. The relationship between the 
average monthly use and the maximum 
hourly demand should be determined 
for each locality in question. To do 
otherwise might cause so great an 
error that the design of the tank and 
pump would be a failure. 

Instead of a set of curves which 
might be developed for each special 
instance, the writer would suggest a 
generalized nomographic curve applica- 
ble to any set of conditions. Let f, 
equal the ratio of hours per day to 
hours of use; f, equal the ratio of 
maximum daily use to average daily 
use based on maximum monthly use; 


A. SALVATO JR. 
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f, equal the ratio of maximum hourly 
use to maximum daily use; f, equal 
fifef,; t equal the duration of storage ; 
QO, equal the average daily use based 
on the maximum month; and T equal 
the number of minutes per day, a con- 
stant. Then, based on the author’s 
Eq. 4: 

Or fit 


in which: 


t 
T Om 


The nomograph in Fig. 2 is for the 


solution of any problem based on Eq. 5. 


direction. 


of P&R. 


This Month's Couer 


The penholder pictured on the cover has by now been converted into 


a gavelgrasper and the theatre of operations from Florida to all America, 
but the actuator involved is the same A. P. Black who has devoted a couple 
of decades of interest to A.W.W.A. affairs and has now taken over their 
For a more formal view of your new chief, see the portrait 
facing text page 479; for a story of his accomplishments, see page 1 
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S IME of the bactericidal properties 
of chlorine dioxide have been given 
in a previous report (1), in which the 
effect of the gas on Escherichia coli 
was investigated in artificial and nat- 
ural waters and sewages. Other or- 
ganisms in natural river pollution were 
also studied. The conditions of the 
study were limited, however, with re- 
spect to the temperature and pli factor 
as well as specific types of organisms 
other than Esch. coli. 

Additional studies have now been 
completed to include further investiga- 
tions on the common water pathogens, 
Eberthella typhosa (hopkins), Shi- 
gella dysenteriae and Salimonella para- 
typhi B; two organisms of relative 
resistance to disinfection, /’seudomonas 
aeruginosa and Staphylococcus aureus ; 
and the sanitary test organisms, Esch. 
coli and Aerobacter aerogenes. The 
effect of chlorine dioxide was also re- 
lated to chlorine as a base line. It is 
thought that these seven organisms 
should, because of type representation, 
offer rather complete information on 
the possible bactericidal effectiveness 
of chlorine dioxide in water disinfec- 
tion treatment. 

The data obtained in the studies to 
he described indicate that chlorine di- 
oxide: [1] is bactericidal to the com- 
mon water pathogens; |2| requires 
approximately the same practical resid- 
uals as chlorine to secure disinfection ; 
[3] increases in efficiency with in- 
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crease in pH, making it very suitable 
for a high-pH or lime-softened water ; 
and [4| destroys common water 
pathogens at the same or slightly lesser 
residuals than are required for Esch. 
coli, thus allowing the use of the same 
sanitary test organisms as for chlorine. 


Method of Study 


Preparation ef chlorine and chlorine 
dioxide demand-free water. In study- 
ing the bactericidal effects of low dos- 
ages of chlorine or chlorine dioxide, it 
was essential to work with a test water 
that was chlorine or chlorine dioxide 
demand-free. Ammonia and organic 
matter were removed as completely as 
possible. To effect the removal of 
chlorine- or chlorine dioxide—-consum- 
ing compounds in the water used in 
these investigations, 5-gal. carboys of 
distilled water were chlorinated to a 
5-10-ppm. residual and allowed to 
stand for 48 hours. Five-liter portions 
of water were then drawn off into 6- 
liter flasks and dechlorinated with 
sodium sulfite to 0.02-0.04-ppm. resid- 
uals. The remainder of the chlorine 
was removed by vigorous boiling for 
20 minutes. After cooling, if the water 
gave no color with ortho-tolidine and 
demonstrated no demand over 0.015 
ppm. for either gas, it was considered 
acceptable and stored, usually over- 
night, for testing purposes. Chlorine 
demand control checks were also run 
on this same dilution water at frequent 
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TABLE — Per Cent Kill of E berthella 
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| ppm. | ppm. 


Chlorine Dioxide 
pH 7.0 pH 7.0 
Weight | 
Applied | 
ppm. | | | 
OT | OTA OT OTA ve 1 OT 
| Kill | Kill 
Re- | Re- | | Re- | Re- | ~ | Re 
sidual | sidual | td | sidual | sidual | — sidual ; 
ppm. | | ppm. | 


wc. 


0.01 | trace | trace 7 84.6 | -- | 56.9 | trace 
0.02 | 0.010 | 0.005 | 99.8) 0.01 | trace | 92.4} 0.005 | 
0.03 0.015 | 0.015 | 99.9! 0.015 0.005 99.6! 0.010 | 
0.04 | 0.025 | 0.025 | 100.0; 0.025 | 0.010 | 99.7 | 0.020 
0.05 0.040 | 0.035 | 100.0 | 0.035 | 0.015 | 99.8 0.025 
0.075 | 0.065 0.060 | 100.0/ 0.06 | 0.02 | 100 | 0.050 
5°( 

| 
0.01 | trace | trace 75.5 | trace 
0.02 0.010 | 0.010 | 92.8) 0.010 
0.03 | 0.020 | 0.015 | 99.4 | 0.020 
0.04 0.030 | 0.025 | 99.5 | 0.025 
0.05 0.040 | 0.035 | 99.8 | | 0.035 
0.075 100 | 


0.060 


TA BLE 2 


Chlorine Dioxide 


Weight | 
| 
ppm. | al | Pc 
| ppm. | ppm. 
0.01 0 94.38 
0.02 0.01 0.01 | 96.67 
0.03 0.02 | 0.015 | 97.50 
0.04 | 0.028 | 0.025 | 99.667 
0.05 | 0.04 | 0.03 99.9314 
0.075 | 0.06 | 0.06 99.99 
0.10 0.095 0.085 | 100 
0.120 | 


70.6 


0.02 0.01 0.01 | 76.5 
0.03 | 0.019 | 0.015 | 84.7 
0.04 | 0.025 0.025 91.76 
0.05 | 0.035 0.035 | 96.49 
0.075 | 0.06 0.06 | 99.624 
0.10 0.085 | 0.08 | 99.9647 
0.15 0.125 | 0.12 | 100 


| 
| 


| 0.060 | 


Chlorine 


pH 7.0 
| OT OTA 
| Residual | Residual 

ppm. ppm. 
20°C 
| 0 0 
0.01 | trace 
| 0.02 /<0.01 
0.03 | 0.015 
0.05 | 0.019 
| 0.075 0.03 
0.11 0.04 
0.17 0.125 


Chlorine Dioxide 
p 


H 9.5 


sidual 
ppm. 


trace 
trace 
0.005 
0.015 
0.025 
0.040 


trace 
0.005 
0.015 
0.020 
0.030 
0.955 


—Average Per Cent Kill of Escherichia coli 


pH 9.5 

Km |. 07 OTA | Kin 
| per | | per 
11.1 | trace | O | 4.7 
| 86.43, 0.01 |<0.01 | 99.467 
99.978 0.02 0.01 | 100 
99.994 0.03 | 0.025 | 
100 0.04 | 0.038 | 

0.06 | 0.05 | 

0.08 0.070 | 


Dilution Water Demand 
Control-——ppm. 


Chlorine 


Chlorine 
Dioxide 


Kill OT | OTA 
| per Re- | Re Re Re 
cent | sidual | sidual | sidual | sidual 


| 


95.0! 0.005 | 0.005 | 0.005 | 0.005 

99.9| 0.015 | 0.015 | 0.015 | 0.015 
| 99.9 0.030 | 0.025 | 0.025 | 0.025 

99.9 | 0.040 | 0.035 | 0.035 | 0.035 . 
100.0, 0.050 0.045 | 0.045 | 0.045 : 
100.0 0.075 | 0.070 | 0.070 | 0.070 


93.0 
99.9 | 
100.0 


| 


| Chlorine Dioxide 


'<0.01 trace | 92.43 
0.015 <0.01 | 
0.02 | 0.018 | 
0.028 | 0.022 | 99.979 
0.032 | 0.03 | 100 
0.06 | 0.06 | 

| 0.085 0.07 | 

0.13 O11 | 
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intervals during the bacteriological test- 
ing. These checks consisted of com- 
paring chlorine residuals on the dilu- 
tion water to the weights of chlorine 
applied. 

The pH of this test water was ad- 
justed by the addition of 150 ppm. of 
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refrigerator in amber bottles for use 
in making the daily working solutions. 
Never did the length of storage exceed 
30 days, and before use the purity and 
relative strength of each solution was 
tested. Immediately prior to bacterio- 
logical testing, working solutions were 


T T 
| Eb. typhosa | Esch. colt 
| | | | 
ClO, 


70 


50 


| | 
| 


we pH 7, 20°C. 


| 


Organisms Remaining — per cent 


pH 7, 20°C. 


pH 7, 5°C. 


PH 7, 20°C. | 
+ pH 9.5, 20°C. 
| 


| pH 7, 5°C. 


pH 9.5, 20°C. 
——T pH 9.5, 5°C. 


— pH 7, 20°C. 


4— pH 9.5, 5°C. 
| 
0.02 0.04 0.06 0 0.02 0.04 0.06 
OT Added — ppm. 


phosphate buffer to secure a pH of 7 
and 150 ppm. of carbonate buffer for 
a pH of 9.5. 

Preparation of stock solutions. The 
chlorine dioxide stock solution was pre- 
pared by the addition of HCl to 
NaClO,. The gas evolved was drawn 
off by vacuum and dissolved in the 
chlorine and chlorine dioxide demand- 
free distilled water. The chlorine 
stock solution was prepared in a simi- 
lar manner, using HCl and NaOCl. 
30th stock solutions were stored in the 


Bactericidal Effect of Chlorine Dioxide 
(Eb. typhosa and Esch. colt) 


prepared at a concentration of 20 ppm. 
as measured by ortho-tolidine. 

Test organisms preparation. 
Test organisms used in this study were 
Esch. coli, Aer. aerogenes, Eberthella 
typhosa (Hopkins), Shigella dysen- 
teriae, Salmonella paratyphi B, Pseu- 
domonas aeruginosa and Staphylococ- 
cus aureus (209). All organisms were 
carried by daily transfer in F.D.A. 
nutrient broth. In preparing suspen- 
sions of these organisms, nutrient agar 
slants were seeded from a 24-hour 
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T ABL E 3—Average Per Cent ae dual Shigella dy senteriae 


Chlorine Dioxide 
pH 9.5 


Tora] Kill OT OT 


sidual 


ppm. 


0 
trace 
0.005 | 
| 0.01 
0.015 | 


0.02 


0.04 


0 
trace 
0.008 
0.01 


0.025 
0.040 


andi Per Cent Kill of Salmonella paratyphi B 


Chlorine Dioxide 
9.5 


pHi 


OTA 
Re 
sidual 


ppm. 


0.06 


trace 
0.005 
0.01 
0.015 
0.02 
0.045 
0.07 
0.120 


\sidual | sidual jsidual | | sidual 


10 | 0 0 | 0 

| 9.005 | 0.005 | 0.005 | 0.005 
0.01 | 0.01 |0.01 | 0.01 

10.015 | 0.015 0.015 |} 0.015 
0.02 | 0.02 | 0.02 0.02 


10.045 | 0.045 | 0.055 0.055 


9+, 0.015 | 0.015 0.015 | 0.015 


88 
99.88 
99.9 + 
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Dilution Water Demand 
Control-——-ppm. 


Chlorine 
Dioxide 


Chlorine 


OTA 
Re- 


Re- Re- | Re 


0.03 0.03 0.04 | 0.035 


0.08 0.08 0.08 | 


Dilution Water Demand 
| Control —ppm. 


Chorine Shon 


OT |OTA| OT OTA 
Re- | Re Re 


| 


trace | trace | trace | trace 
| 0.005 | 0.005 0.01 0.01 


10.025 | 0.025 | 0.02 | 0.025 

10.035 | 0.035 | 0.035 0.035 

0.065 | 0.06 | 0.06 | 0.055 

0.095 | | 0.09 | 0.09 | 0.09 
| 
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Chlorine Dioxide Chlorine 
pH 7.0 pH 7.0 
Weight 
Applied 
ppm. | | | | | 
OF OTA) | OF | GFA 
Re- | Re- | | Re- | Re- | | Re 
| sidual | sidual | p sidual | sidual | sidual 
| ppm. | ppm. cent | pom. | ppm. | ppm. | 
| | | | | | 
20°C. 
0.005 0 0 73.5 |0 | 0 4.55 | trace 1 42.8 om 
0.01 trace | trace 98.8 trace | 0 53.0 | 0.01 99.9 
0.015 0.01 | 0.005 | 99.82 | 0.005 | 0 | 89.5 | 0.012 100 
: 0.02 0.015 | 0.010 | 99.9 | 0.01 | trace | 99.83 | 0.015 4 
0.025 002 | 0.02 |100 | 0.015 | 0.005 | 99.86 | 0.018 
0.037 0.03 | 0.03 | | 9.025 | 0.01 | 99.9+) 0.025 Po 
0.05 0.05 | 0.045 | 0.035 | 0.015 | 100 
0.075 0.06 | 0.02 
5°C. 
0.005 | 0 96.4 | 
; 0.01 0.005 | 0.005 | 27.8 | | 0.005 | 99.55 | 
0.015 0.01 | 0.01 89.2 0.01 99.99 
: 0.02 | 0.015 | 0.015 0.012 100 
0.025 | 
0.037 0.035 | 0.03 99.9 + 0.03 
0.05 0.05 | 0.05 100 9.05 | | 
¢ 0.075 0.08 — 0.08 | | | 
| Chlorine Dioxide | Chlorine | 
pH 7.0 pH 7.0 | | : 
Weight | 
Applied | i 
‘OT Basis) 
or | OT | OTA OT 
Re- Re- |} Re- | Re- | Re 
|sidual | sidual \sidual | sidual f sidual i 
| ppm. | ppm. cen! ppm. | ppm. cen! | ppm. | 
20°C. 
0.01 | trace | trace 615 | 0 | O 39.0 | trace | trace 0 
0.02 10.005 | 0.005 | 74.4 | trace | 63.5 0.005 <0.01 22 
0.03 0.015 | 0.01 | 88.5 | 0.01 | <0.01_ | 99.77 | 0.01 0.01 | 99 
0.04 19.025 | 0.02 | 99.14 |0.02 | 0.005} 99.9+)0.015 | 0.015 | 100 
0.05 | 0.035 | 0.03 99.9 +| 0.03 0.01 0.02 | 0.02 
0075 |0.06 | 0.055 | 0.055 0.025 | 0.04 0.035 
0.10 0.09 | 0.08 jos | 0.06 | | 0.07 — 
5°C. 
0.01 trace | trace | 58.1 | | | | trace 28.5 | 
0.02 | 0.008 | 74.4 | | | 0.005 
0.03 | 0.015! 0.015 | 93.9 | | 0.01 
0.04 0.025 | 0.025 | 98.0 | | | 0.02 | 
0.05 0.030 | 0.030 | 99.4 | 0.025 100 | | 
0.075 |0.06 | 0.055 | 100.0 | | | | 
0.10 | 0.085 | 0.08 0.075 | | | 
0.15 0.130 | 0.130 | : 
ik 


broth culture and incubated for 24 
hours. The organisms were then sus- 
pended in a small amount of physio- 
logical saline and washed by centrifu- 
gation to remove any organic matter 
that might have been carried over from 
the slants. The organisms were then 
suspended in saline and filtered through 
cotton to remove clumps and any agar 
particles which might have passed 
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glass-stoppered bottles. These were 
placed in a water bath at the desired 
temperature, and chlorine or chlorine 
dioxide was added from the 20-ppm. 
working solutions. The bottles were 
immediately shaken and allowed to 
stand for five minutes. Following this, 
5 ml. was transferred to 5 mi. of neu- 
tralizing solution which consisted of 
0.1 per cent thiosulfate and 0.1 per 


T T 
Sh. dysenteriae 


i] 
S. paratyphi B 


50 


| 


40 


\— pH 7, 20°C. 


pH 9.5, 20°C. 


_— pH 7, 5°C. 
30 


Organisms Remaining — per cent 


pH 9.5, 20°C. 
pH 9.5, 5°C. 


0.04 0.06 


Fic. 2. 


through the centrifugation. This sus- 
pension was then diluted so that 10 
ml., when added to 2 liters of the de- 
mand-free water, would give a count 
of 10,000 bacteria per milliliter. 
Bacteriological testing procedure. 
Kor each set of conditions and each 
gas, 2 liters of the buffered, ammonia- 
free, demand-free water was seeded 
with the culture and then divided into 
200-ml. portions of sterile, acid-cleaned, 


OT Added — ppm. 


Bactericidal Effect of Chlorine Dioxide 
(Sh. dysenteriae and S. paratyphi B) 


0 


cent peptone. This neutralized bac- 
terial suspension was then plated in 
duplicate with nutrient agar and incu- 
bated for 48 hours at 37°C. Controls 
were run with each variable condition 
of testing in the same manner as with 
the germicidal agent. This procedure 
gave the number of organisms that 
would be present at the end of the 
test interval in the absence of a germi- 
cide. Such information was necessary 
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| | 
| | | | 
| | | p 1% 4 
i | | | pH 7, 5°C. : 
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TABLE 5 
| Per Cent Kili of Pseudomonas aeruginosa 


Chlorine Dioxide | Chlorine Chlorine Dioxide 
diene pH 7.0 | pH 7.0 Gi pH 9.5 
oT OT xin OTA Kill oT | 
20°C. 
0.02 | 0.01+ | 0.01 | 93.9 | <0.01 | trace | 10.0 | trace | trace | 99.4 
0.03 | 002 | 0.02 | 9988 | 0.015) 0.01 | 12.7 | 0.01 | <0.01 | 99.94 
0.04 | 0.028 0 028 | 99.9+ 0.022; 0.01 | 20.0 0.018 0.01 | 100 
0.05* 0.04 0.04 | 100 0.03 | 0.015 66.7 | 0.025 | 0.018 | 
0.075 | 0.06+ | 0.06 | 0.018 99.94) 0.04 | 
0.10t 0.095 | 0.095 | 0.075 0.04 100 0.08 | 0.065) 
0.15 0.14 | 0.14 | ©.12 | 0.055 | O81 


0.16 | 0.075 


0.02 | 0.02 0.02 48.0 0.015 0.01 | 99.6 


| | | | 


0.03 (0.034 0.025 80.0 0.02 0.02 99.94 
0.04 (004 0.04 95.3 0.03 0.03 | 100 
0.05 | 0.045 0.045 | 98.4 | | 0.035 | 0.035 | 

0.075 | 0.07 | 0.07 99.94 | 0.06 0.06 | 

0.10 | 0.095 | 0.095 100 | 0.07 0.07 | 

0.15 0.14 | | 0.125 | 


* Dilution water demand control (OT, OTA residuals): chlorine —0.03; chlorine dioxide—0.04 ppm. 
¢ Dilution water demand control (OT, OTA residuals): chlorine—0.08; chlorine dioxide—0.09 ppm. 


in order to calculate the per cent kill speed, 50-ml. comparator tubes were 
due to the chlorine or chlorine dioxide used. The tubes containing ortho- 
and not that due to the pH or possible — tolidine were allowed to reach maxi- 
slight water toxicity. At pH 9.5 there mum color before reading. At higher 
was a noticeable water toxicity for the pH, it was necessary to add 1 ml. of 
organisms, especially during the inter- concentrated sulfuric acid in order to 
val while the suspension was being obtain conditions for complete measure 
taken down to 5°C. The possibil- of the residuals. 


ity of bacteriostasis was checked at Testing pH and temperature. Tests 
various points in the tests and found of Esch. coli and Aer. aerogenes were 
absent. made at pH 7 and 9.5 at both 20° and 


Measurement of chlorine and chlo- 5°C. with both chlorine and chlorine 
rine dioxide residuals. At the time of dioxide. All other organisms were 
bacteriological sampling, the chlorine tested as above with chlorine dioxide, 
and chlorine dioxide residuals were but only at pH 7 at 20°C. with chlorine. 
measured on the same suspension b 
the ortho-tolidine (OT) om patil Results of Study 
tolidine-arsenite (OTA) methods. In The results of these studies under the 
order to obtain accuracy as well as above-mentioned conditions and meth- 
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ods are given in Tables 1-9 and Fig. 
1-5. Tables 1-8 give the percentage 
kill, after five minutes of contact, of 
the different organisms tested as re- 
lated to the weight of chlorine dioxide 
and chlorine applied; the OT and 
OTA residuals; and different pH and 
temperature conditions. Figures 1-5 
show the percentage kill data plotted 
in curve form in relation to chlorine 
dioxide added on an OT basis. 

For Eberthella typhosa (Table 1 and 
Fig. 1) and Esch. coli (Yable 2 and 
Fig. 1), the results show that: 


1. Except at 5°C. at pH 7.0, 0.025 
ppm. of chlorine dioxide residual, meas- 


| | Staph aureus} | 
—+— - 


Organisms Remaining - per cent 


Fic. 3. Bactericidal Effect of Chlorine 
Dioxide 


(Ps. aeruginosa and Staph. aureus) 


ured on an OT basis, destroyed Eber- 
thella typhosa within the temperature 
range of 5°C. to 20°C. Approxi- 
mately 0.065 ppm. of residual chlorine 
dioxide was required at pH 7.0 at the 
low temperature of 5°C., and 0.06 ppm. 
of chlorine was required at pH 7.0 at 
20°C, 

2. Esch. coli was slightly more re- 
sistant than Eberthella typhosa, re- 
quiring 0.075 ppm. of applied chlorine 
dioxide at pH 7.0, 20°C.; 0.02 ppm. 
at pH 9.5, 20°C.; 0.15 ppm. at pH 
7.0, 5°C.; and 0.03 at pH 9.5, 5° 
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3. The effectiveness of chlorine di- 
oxide on these organisms definitely in- 
creased with increase in pH and also 
increased as the temperature rose. 

4. In comparison with chlorine, chlo- 
rine dioxide is slightly superior at pH 
9.5 for temperatures between 5° and 
20°C. Chlorine is slightly superior to 
chlorine dioxide at pH 7.0 and 5° and 
20°C. The differences between the 
two gases at either the higher or lower 
temperatures in the lower neutral range 
is, however, of doubtful practical sig- 
nificance. 


For Shigella dysenteriae (Table 3 
and Fig. 2) and Salmonella paratyphi 
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| 20°C} 5°C. | 
Ta—-—— 
80 
wy H95_ 195 | 


Organisms Remaining - per cent 


0.02 0.04 0060 002 0.04 0.06 
OT Added — ppm. 


Fic. 4. Chlorine and Chlorine Dioxide 
Comparison 
(Aer. aerogenes) 


B (Table 4 and Fig. 2), 
show that: 


the results 


1. Destruction of Shigella dysen- 
teriae was secured by chlorine dioxide 
with an OT residual of 0.02 ppm. at 
pH 7.0, 20°C.; 0.01 ppm. at pH 9.5, 
20°C.; and 0.05 ppm. at pH 7.0, 5°C. 
By comparison chlorine destroyed the 
bacteria with 0.035 ppm. residual OT 
at 20°C. 

Salmonella paratyphi B was more re- 
sistant than Shigella dystenteriae to 
chlorine dioxide, but the two organ- 
isms were about equally resistant to 


Ps. aeruginosa 
80 —tpH 7, 20°C, \ Cla 
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chlorine. The order of resistance of 
Salmonella paratyphi B to both gases 
was, however, approximately the same 
under the same pH and temperature 
conditions. For instance, an OT 
residual of 0.06 ppm. chlorine dioxide 
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by a comparison of the two gases at 
pH 7.0 at 20°C. for substerilization 
endpoints. 

2. The effectiveness of chlorine di- 
oxide again shows a definite increase 
with increase of pH as demonstrated 


TABLE 6 


Average Per Cent Kill of Staphylococcus aureus 


Chlorine Dioxide Chlorine | Chlorine Dioxide 
Weight pi 72 pH 7.0 pH 9.5 
OT OTA | OI OTA 
Residual | Residual Residual | Residual | | Residual Residual 
ppm. ppm. soi ppm. | ppm. vac | ppm. | ppm. 
20°C. 
99.1 
0.02 | 0.01 | 0.01 | 1.6 | <0.01 trace | 0 | 0.014) <0.01 | 95.9 
0.03 | | <0.015| 0.01 | 99.94 
0.04 | 0.02 | 0.02 | 30.6 | 0.022 <0.01 | 534 | 0.025; 0.02 | 
| | 33.0 | 
0.05* | 0.03 0.025 , 45.1 0.03 0.01 81.7 0.03 | 0.025) 
0.075 | 0.05 | 0.05 | 89.0 | 0.06 0.022) 99.7 | 0.055) 0.05 | 
| 
0.10t | 0.07 | 0.068 99.3 | 0.07 0.03 | 998 | 0.070) 0.068 
0.15 0.12 | O11 | 99.99) O11 0.05 | 99.994! O11 | 0.10 | 
0.2 0.15 | 0.14 | 100 0.16 | 0.075100 | 

0.02 0.01 0.01 | 0.010 trace | 14.28 
0.03 0.018) 0.15 83.5 
0.04 0.025 | 0.025 | 0.025| 0.025) 99.8 
0.05 0.035 | 0.035 | 0.03 | 0.028) 99.94 
0.075 | 0.055 | 0.05 | 0.055| 0.055| 99.9 
0.10 | 0.08 | 0.08 | 0.075} 0.07 | 100 
O15 | 0.125 | 0.125 | | 0.12 | O11 | 
0.2 | 016 | 0.16 | 
0.25 | 0.19 0.19 95.7 
* Dilution water demand control (OT, OTA residuals): chlorine—0.03; chlorine dioxide—0.04 ppm. 
¥ Dilution water demand control (OT, OTA residuals): chlorine—0.08; chlorine dioxide—0.085 ppm. 

was required at pH 7, 20°C.; 0.015 in tests on previous organisms. This 


ppm., at pH 9.5, 20°C. ; and 0.06 ppm., 
at pH 7.0 at 5°C. A chlorine residual 
(OT) of 0.03 ppm. was required at pH 
7.0, 20°C. Chlorine dioxide was more 
effective in partial kills than chlorine 
at the same OT residuals, as indicated 


is in contrast to the well known de- 
creasing effectiveness of chlorine with 
increasing pH. 

3. In comparison with chlorine, 
chlorine dioxide, on an OT basis, 
shows superiority at pH 9.5, 20°C. and 


— = — —— 
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5°C.; equality at pH 7.0, 20°C.; and 
some inferiority at pH 7.0, 5°C. Under 
any condition tested, chlorine dioxide 
showed effectiveness with an 0.06- 
ppm. OT residual. 

4. Shigella dysenteriae was less re- 
sistant to chlorine dioxide than Esch. 
coli under any conditions — tested. 
Salmonella paratyphi B was less re- 


TABLE 7 
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aureus (Table 6 and Fig. 3), the re- 
sults show that: 

1. The organism Pseudomonas aeru- 
ginosa was destroyed by chlorine di- 
oxide with an OT residual of 0.04 
ppm. at pH 7.0, 20°C.; an 0.028-ppm. 
residual was needed at pH 9.5, 20°C. ; 
0.095 ppm., at pH 7.0, 5°C.; and 0.03 


ppm., at pH 9.5, 5°C. The decreased 


Average Per Cent Kill of Escherichia coli 


Chlorine Dioxide Chlorine 

pH 7 pH7 

Applied | | 
OT Basis)| OT | OTA | yyy | OT | OTA | 
ppm. | Re | Be | 
sidual | sidual | vad | sidual | sidual | 

| ppm. | ppm. Mili | pom. | ppm. 

0.01 0.005 | trace | 68.5 | 0 0 | 
0.02 0.01 0.01 64.9 | 0.005 | trace | 
0.03 0.025 | 0.02 88.8 | 0.015 | trace | 
0.04 | 0.03 0.025 | 95.9 | 0.025 | 0.005 | 
0! | 0.045 | 0.04 99.7 | 0.03 | 0.01 | 
7 | 0005 | 99.09 | 0.085 | 0.03 | 

0.1 0.09 | 100 0.08 | 0.05 


100 |: 0.085 


Chlorine Dioxide | Chlorine 
pH 9.5 | pH 9.5 
| me | me | Sl | me | me | 
| sidual | sidual | | sidual | sidual 
| ppm. | | ppm. | ppm 
| | 
85.97 | trace | trace | 24.6 
99.96 | 0.01 0.005 99.97 | 0 0 0 
99.99 | 0.02 | 0.01 | 100 | | 
| 100 0.025 | 0.02 99.98 | trace | trace 18 
99.99 | 0.035 | 0.03 | 99.97 | 0.01 | 0.005 | 21 
99.99 | 0.06 0.055 99.99 | 0.025 0.02 | 27.5 
0.08 | 100 0.035 | 54 


| 0.05 


n 


| 
0.01 | trace | trace | 34.5 i 
0.02 | 0.012 | 0.01 | 30.4 | 0.005 0 
0.03 | 0.025 | 0.02 | 64 
0.04 | 0.035 | 0.03 | 81.2 | 0.02 | 0.01 
0.05 | 0.045 | 0.04 | 92.2 | 
0.06 | 0.035 | 0.025 
0.075 | 0.07 | 0.065 | 99.7 | 
0.10 | 0.1 009 | 100 | 0.075 | 0.05 
O15 O15 | | 
0.20 | 
0.25 | 
0.3 j | | | | 

| 


sistant than Esch. coli at pH 7.0, 20°C. ; 
pH 9.5, 20°C., and pH 95, 
More resistance was indicated at pH 
7.0, 5°C. Generally, therefore, Esch. 
coli is still a good test organism for 
sanitary quality when chlorine dioxide 
is used as a disinfectant. 

For Pseudomonas aeruginosa (Table 
5 and Fig. 3) and Staphylococcus 


99.94 


99.99 


| trace | trace 55.5 | | 
0.01 0.008 99.99 | | 
0.02 | 0.018 | 99.97 | 
0.025 | 0.025 | 99.99 | 
0.035 | 0.032 | 100 | 0.02 | 0.01 1) 
99,99 | 
0.06 0.06 |100 | 0.03 | 0.02 | 20 
100~—|:0.09 0.085 | 99.90 | 0.055 | 0.04 51.7 
| | 0.10 | 0.075 | 48 
0.15 | 0.125 | 72.6 
0.20 | 0.175 | 79.4 
| } | 0.25 | 0.225 84.25 
| 0.35 | 0.325 | 81.8 
| 


91.5 


| 0.45 


efficiency in lower temperature ranges 
is offset by the increased efficiency in 
the higher pH ranges. The amount of 
chlorine OT residual required for dis- 
infection was 0.075 ppm. at pH 7.0, 
20°C. The rate of kill at subdisinfec- 


tion doses is also greater with chlorine 
dioxide than with chlorine at the neu- 
tral pH and 20°C. 


| | 0.15 | 0.125 | 88.3 
| | 0.2 | 0.175 | 95.5 
0.25 
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With the test organism Staphylo- 
coccus aureus, the amount of chlorine 
dioxide required on an OT basis was 
0.15 ppm. at pH 7.0, 20°C.; 0.025 
ppm. at pH 9.5, 20°C., over 0.19 ppm. 
at pH 7.0, 5°C.; and 0.055 at pH 9.5, 


5°C. The chlorine required was over 
0.16 ppm. at pH 7.0, 20°C. This or- 
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At higher pH values, at either 20° or 
5°C., the resistance of Staphylococcus 
aureus to chlorine dioxide falls mark- 
edly and comes within the disinfection 
range of other organisms previously 
studied. It is re-emphasized that 


neither of these organisms are con- 
sidered as of significance in water sup- 


TABLE 8 
Average Per Cent Kill of Aerobacter aerogenes 
Chlorine Dioxide Chlorine Chlorine Dioxide Chlorine 
pH 7 pH 7 pH 9.5 pH 9.5 
Weight 
| | 
(O asis)} OT OTA - OT OTA rs OT OTA rs OT OTA rs 
ppm. Re Re- | Rill | e- | Rill | Re- ong Re Re- 
sidual | sidual ad sidual | sidual p t sidual | sidual | - f sidual | sidual ale 
ppm. | ppm. | ©" | ppm. | pom. | “™ | ppm. | ppm. | “™ | ppm. | pom. | “™ 


0.01 trace 0 98.1 0 

0.02 0.008 trace 99.9 0.005 0 

0.03 0.015 | 0.01 99.8 0.01 trace 
i 0.025 100 0.015 


0.035 


0.06 0.055 0.05 0.015 
0.09 0.08 0.07 0.025 
0.15 0.12 0.05 


76.2 | 0.008 | trace | 34.9 | 0 i) | 3.25 
99.8 | 0.012 | 0.008 | 99.99 | 

100 0.022 | 0.01 | 100 | 0.01 | 0 36.8 

| 0.012 trace 11.25 

0.05 | 0.045 | | o.02s 0.01 56.2 

0.075 | 0.07 | | 0.045 | 0.02. | 79.5 

| 0.09 | 0.045 | 92.6 

| | 014 | 0.09 | 99.0 

| | 0.18 | 99.6 


0.01 trace trace 58.5 

0.02 0.01 0.008 95.9 0.005 0 
0.03 0.02 0.015 99.32 

0.04 0.03 0.025 99.92 | 0.015 trace 
0.05 0.035 0.03 99.88 

0.06 0.03 0.01 
0.075 0.06 0.055 99.96 | 0.04 0.02 
01 0.09 0.08 100 0.06 0.03 
0.15 0.14 0.13 O11 0.06 


ganism thus demonstrates 
sistance than the preceding test organ- 


greater re- 


isms to both chlorine dioxide and 
chlorine, a fact which is to be expected 
as its relatively high resistance to disin- 
fection is well known. The significant 
part of these data is that at pH 7.0, 
20°C., the bactericidal action of chlo- 
rine dioxide and chlorine is about equal. 


0 0 13.1 
93.4 | 0.008 | trace | 96.7 | 0 0 2.34 
0.01 | 0.008 | 100 
99.96 | 0.02 | 0.015 0 0 6.25 
0.025 0.02 
99.96 0.01 | 0 18.78 
100 0.05 | 0.045 
0.08 | 0.07 0.035 | 0.015 | 25 
0.075 | 0.04 | 28.18 
0.12 ‘07 
0.2 4s | 71. 
0.38 0.3 97.3 


plies. Their value in an investigation 
of this kind is to permit a study of the 
action of the disinfectants on organisms 
of well known resistance character- 
istics. Both are hardier than the 
sanitary water test organism, Esch. 
coli, 

2. The greater effectiveness of chlo- 
rine dioxide at higher pH is again 


‘ 
| 
20°C. 
0.05 0.03 |} 0.025 0.008 
0.06 
0.20 | 
0.25 | | | | 
| 
5°C, 
0.25 | 0.2 O15 
0.30 | 
0.5 | 
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convincingly demonstrated in the tests 
on these two organisms. 

3. With respect to Pseudomonas 
aeruginosa and Staphylococcus aureus, 
the effectiveness of chlorine dioxide 
and chlorine, on an OT basis, is in gen- 
eral approximately equal at pH 7, 
20°C., but chlorine dioxide is consider- 
ably more effective at pH 9.5, at both 
20° and 5°C. 


Sanitary Test Organisms 


In Table 7 and Fig. 4, and Table 8 
and Fig. 5, the effects of the two 
gases on Esch. coli and Aer. aerogenes 
are more extensively compared than 
for organisms shown in the preceding 
tables. Although some previous data 
on the effects of chlorine dioxide on 
Esch. coli and Aer. aerogenes have 
been presented, more information was 
believed necessary because of their im- 
portance as sanitary test organisms. 
Added data of special significance in- 
cluded a more complete comparison of 
chlorine with chlorine dioxide at dif- 
ferent pH and temperature levels. 
Previous data on other bacteria have 
been related to chlorine as well as chlo- 
rine dioxide but only at pH 7.0 and 
9.5 at 20°C. Such data were believed 
adequate in these instances since the 
effects of chlorine at temperatures rela- 
tive to 20°C. is well known (2). 
With information on chlorine dioxide 
at both high and low temperatures and 
high and low pH, a reasonable com- 
parison of the two gases could thus 
be made. However, for the two sani- 
tary test organisms, Esch. coli and Aer. 
aerogenes, a comparison of both gases 
was made at pH 7.0 and 9.5 and at 
temperatures of 5° and 20°C. These 
more complete data show that: 

1. Esch. coli was effectively de- 
stroyed by chlorine dioxide, under all 
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conditions of study, with a maximum 
OT residual of 0.1 ppm. This maxi- 
mum was required at pH 7.0, 5°C. 
At higher temperatures and higher pH, 
the residual required for effective kill 
was less, amounting to as little as 0.02 
ppm. at pH 9.5, 20°C. Chlorine was 
superior to chlorine dioxide in requir- 
ing less residual at pH 7.0 for both 5° 
and 20°C. but was definitely inferior 
at pH 9.5 at both temperatures. 

2. The test organism Aer. aerogenes 
showed somewhat lesser resistance 
than Esch. coli to both chlorine dioxide 


100 


40 


4 


+ 
4 


i 


20 


Organisms Remaining - per cent 


0 
0.02 0.04 0.060 
OT Added — ppm. 


Fic. 5. Chlorine and Chlorine Dioxide 
Comparison 
(Esch. coli) 


and chlorine. With chlorine dioxide, 
the maximum residual required for ef- 
fective disinfection was 0.09 ppm. at 
pH 7.0, 5°C. The residual required 
for other conditions decreased to a 
minimum of 0.02 at pH 9.5, 20°C. 
For this organism also, somewhat les- 
ser chlorine residuals were required for 
the same kill at pH 7.0, 5° and 20°C. 
The differences in required OT resid- 
uals were, however, small, amounting 
to 0.05 ppm. at 5°C. and 0.01 ppm. 
at 20°C. At the higher pH of 9.5, 
chlorine dioxide required less OT 
At the low 


residual for equal kill. 


|_| 
20°C] ? 
80 | | 
| |co—— | | 3 
Me pH 95 
pH 7 
0.04 0.06 
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TABLE 9 


Summary of Chlorine Dioxide and Chlorine Residuals ati for Kill of Various pee 


| Chlorine Dioxide | Chlorine 
weewe | or | ora | | or | ora 
eigh eigh 
Organiem Applied Residual | Residual | 


Applied Residual | Residual 


Eb. typhosa : 
Sh. dysenteriae 0.025 0.02 0.02 0.05 0.035 0.015 
S. paratyphi B 0.075 0.06 0.055 0.05 0.03 0.01 
Ps. aeruginosa 0.05 0.04 0.04 0.10 0.075 0.04 
Staph. aureus 0.20 0.15 0.14 0.20 0.16 0.07 
Esch. coli 0.10 0.10 0.09 0.1 0.08 0.05 
Aer. aerogenes 0.04 0.025 0.02 0.04 0.015 trace 


Eb. typhosa 0.075 0.065 0.06 

Sh. dysenteriae 0.05 0.05 0.05 

S. paratyphi B 0.075 0.06 0.055 

Ps, aeruginosa 0.10 0.095 0.095 

Staph. aureus >0.25 >0.19 >0.19 

Esch. coli 0.10 0.10 0.09 0.10 0.075 0.05 
Aer. aerogenes 


pH 9s, 20°C. 


Eb. typhosa 0.025 0.025 | 

Sh. dysenteriae 0.015 0.012 0.005 

S. paratyphi B 0.04 0.015 0.015 | 

Ps. aeruginosa 0.04 0.018 0.01 | 

Staph. aureus | | 

Esch. coli 0.10 0.085 0.08 >0.25 >0.20 | 0.175 
Aer. aerogenes 0.04 0.022 0.01 | >0.25 | >0.18 | >0.12 


pH 9.5, 


Eb. typhosa 0.04 0.025 0.02 | | 

Sh. dysenteriae 0.02 0.012 0.01 

S. paratyphi B 0.05 0.025 0.02 | 

Ps. aeruginosa 0.04 0.03 0.03 

Staph. aureus 0.10 0.075 0.07 

Esch. coli 0.05 0.035 0.032 | >0.50 | >0.45 | >0.335 
Aer. aerogenes 0.03 0.01 0.008 >0.50 >0.38 >0.30 


* Weight applied on OT basis. Actual weight of chlorine dioxide applied is 1.9 times OT applied. 


| ppm. 
pH 7, 20°C. 
pH 7, 5°C. 
i 
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temperature and high pH, the differ- 
ence in required residuals was strik- 
ingly in favor of chlorine dioxide. 

3. With the test organisms used in 
this study, the same fundamental re- 
lationship between chlorine dioxide 
and chlorine seems to hold as with all 
other organisms previously _ tested ; 
namely, at pH 7.0, 5°C., chlorine defi- 
nitely requires less residual than chlo- 
rine dioxide for equal kill; at pH 7.0, 
20°C., there is a slight but not too 
definite advantage to chlorine. The 
differences between the two gases at 
this pH and temperature is certainly 
of no practical significance. At higher 
pH (9.5), chlorine dioxide is definitely 
superior on an OT residual basis at 
both 5° and 20°C., with a striking ad- 
vantage at the lower temperature of 

The detailed data of Tables 1-8 are 
summarized in Table 9, which shows 
the relative amounts of chlorine dioxide 
and chlorine required for 100 per cent 
kill in five minutes under varying con- 
ditions of pl! and temperature. The 
amounts of chlorine dioxide or chlorine 
required to reach the 100 per cent kill 
endpoint are given with respect to 
weight applied and OT and OTA 
residuals at the end of the five-minute 
contact period. 


Conclusions 


From an inspection of the results 
given in the foregoing tables and 
curves, it would appear that the follow- 
ing general conclusions can be reached 
about the bactericidal properties of 
chlorine dioxide : 


1. Chlorine dioxide, if applied in an 
amount to give an OTA residual of 
not less than 0.1 ppm., will destroy 
the common water pathogens, Eber- 
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thella typhosa, Shigella dysenteriae and 
Salmonella paratyphi B, at tempera- 
tures between 5° and 20°C. and at all 
pH values above 7.0, with a five-min- 
ute contact period. Lesser residuals 
are actually required, but it is believed 
that the stated value of 0.1 ppm. allows 
for a reasonable factor of safety in 
turbidity-free water such as was used in 
these studies. More resistant forms of 
organisms, like Pseudomonas aerugi- 
nosa and Staphylococcus aureus, re- 
quired slightly higher residuals for 
complete kill. 

2. As with chlorine disinfection, the 
sanitary test organism, Esch. coli, 
showed slightly higher resistance to 
chlorine dioxide than the water patho- 
gens. This applied for all conditions 
of temperature and pH studied. The 
data thus show that the same sanitary 
test organism can be used for chlorine 
dioxide as for chlorine. 

3. The effect of pH on the bac- 
tericidal efficiency of chlorine dioxide 
is definitely clear. For all organisms 
studied, lesser residuals are required 
for the same kill with increase in pH— 
or, the bactericidal efficiency of chlo- 
rine dioxide increases with increase in 
pH. This is the opposite of the effect 
of pH on the bactericidal efficiency of 
chlorine. ‘This statement is clearly 
demonstrated by the comparison of the 
bactericidal effect of chlorine and chlo- 
rine dioxide on Esch. coli and Aer. 
aerogenes at pH 7.0 and 9.5 shown in 
Table 9 for both 5° and 20°C. 

4. Usually the bactericidal effect of 
chlorine dioxide decreases somewhat 
with decreased temperatures, as does 
that of chlorine. At the lowest tem- 
perature studied, however, 0.1 ppm. 
was still adequate for disinfection 
against the common water pathogens, 
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Editor’s Note 


In another paper, entitled “Spori- 
cidal Properties of Chlorine Dioxide,” * 
Ridenour and Armbruster (in collabo- 
ration with R. S. Ingols, Assoc. Res. 
Prof., School of Civil Eng., Georgia 
School of Technology, Atlanta, Ga.) 
have compared the effect of chlorine 
dioxide, chlorine and chloramines on 
the spore-forming bacteria, B. subtilis, 
B. megatherium and B. mesentericus. 
The results of these studies may be 
summarized as follows: 

1. Chlorine dioxide is a more effec- 
tive sporicide than chlorine if com- 
pared on an equal OTA residual basis. 

2. The effectiveness of OTA resid- 
ual from chlorine dioxide, as related to 
chlorine, seems to be greater on spores 
than on vegetative cells. The differ- 
ence may be due to the residual poten- 
tial of four additional valence changes 


* Scheduled for publication in the August 
1949 issue of Water & Sewage Works. 


in the chlorine dioxide molecule, which 
may, on spores, be more effective be- 
cause the spore material ts more reac- 
tive with the chlorine dioxide molecule. 

3. Less weight of chlorine dioxide 
than of chlorine is required in either 
demand-free waters or in waters con- 
taining ammonia. The difference in 
weight required depends on the am- 
monia content. In ammonia-bearing 
waters, chlorine must be applied be- 
yond the breakpoint before a sporicidal 
efficiency is obtained equal to that from 
chlorine dioxide. 

4. It would appear from these inves- 
tigations that chlorine dioxide could be 
used to control spore contamination in 
either water treatment plants or distri- 
bution systems. If the ammonia con- 
tent of the water requires breakpoint 
application of chlorine for spore con- 
trol, chlorine dioxide may offer a de- 
cidedly superior method of treatment. 
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N recent years a great deal of inter- 

est has developed in activated silica 
as a coagulant or coagulant aid in water 
treatment. The use of silica sols, pro- 
duced by the neutralization of the free 
alkali of sodium silicate solutions, of- 
fers many operating advantages. Some 
waters are very difficult to treat by 
ordinary methods. It is usual to ex- 
pect that a water high in hardness may 
be softened by means of the lime or 
lime-soda process and that a small 
amount of alum or iron salts will 
coagulate the precipitate so that it will 
settle out readily. A_ soft, highly 
colored water should form a rather 
fine “color floc’ at a pH of 5 or 6, 
and, once the optimum pH is estab- 
lished, the problem is largely one of 
feeding the amount of alum which 
will maintain this pH. Sulfuric acid 
may be used with the alum to lower 
the pH. 

In some sections of the country, how- 
ever, waters are found which are high 
both in alkalinity and organic color. 
These waters will not form a color floc 
until so much acid or alum is consumed 
in lowering the pH that not only is the 
cost prohibitive, but a much more ex- 
pensive softening requirement remains 
than existed originally. Moreover, if 
softening alone is attempted, the or- 
ganic color is only partially re- 


moved. This color, besides being objec- 
tionable, frequently acts to inhibit the 
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action of the coagulant. Waters may 
exist in the same locality which have 
an apparently identical composition but 
behave quite differently upon treat- 
ment. The lime or lime-soda process 
may give a fairly large, rapidly settling 
floc with one water, while another will 
resist treatment to the extent that the 
floc particles are scarcely visible and 
little settling occurs. Water from the 
same source may also vary with the 
season, yet the study of a complete 
mineral analysis will do little more 
than indicate a probable type of action 
on softening. 

The water near Miami, Fla., may 
be cited as an example. This city’s 
supply comes from approximately 20 
wells averaging 90 ft. in depth. On 
treatment with lime and 8.6 ppm. of 
alum, a fairly good floc is formed, 
which is greatly improved if the lime 
is added in excess; 17-34 ppm. over 
the “zero treatment” is required to con- 
vert all bicarbonates to carbonate, with 
no hydroxide present. These wells are 
located near the Miami Canal, the min- 
eral analysis of which will not greatly 
differ from that of the average well, 
except in color. The Miami Canal 
water is different in character in that 
no amount of alum up to 137 ppm. 
will give a satisfactory floc. At the 
same time, a relatively small amount 
of activated silica will give satisfactory, 
though not excellent, results. Typical 
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average analyses of these two waters 
are shown in Table 1. 

At times, therefore, it may be found 
that a water may no longer be success- 
fully treated. In a conventional type 
of softening plant, there may be in- 
sufficient clarification on -settling, so 
that filter runs are greatly reduced. 
In an upflow type of softening unit, no 
sludge blanket or bed may be built up, 
the sludge formed being so fine that 


TABLE 1 
Typical Average Analysis 

Miami Miami 

Well Canal 

Water Water 

ppm. ppm. 
pH 7.3 7.6 
Color 60. 120. 
Ammonia nitrogen (N) 0.50 0.24 
COs, free 12. 
Total dissolved solids 350 360 
Turbidity 0 0 
Silica (SiOz) 9.0 7.8 
Iron, total (Fe) 0.9 0 
Calcium (Ca) 98. 91. 
Magnesium (Mg) 71 7.8 
Sodium and potassium (Na) 27. 
Alkalinity (CaCO;): 

OH-CO;-HCO, 0-0-220. 
Sulfates (SO,) ci 19. 
Chlorides (Cl) So. 24. 
Hardness, total (CaCO;) 250 260 
Hardness, noncarbonate 

(CaCQ;) 30. 40. 


it is carried over in the effluent water. 
In the preliminary search for a source 
of water, the chemist-engineer-designer 
team may find a plentiful supply, but 
experimental treatment may indicate 
that the floc formed is too fine and 
light to give satisfactory operation. 
Numerous methods for preparing 
silica sols are known. These include 
the 85 per cent neutralization of the 
Na,O content by H,SO,—Baylis (1) 
—the partial neutralization by another 
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coagulant, alum—Baker and Dedrick 
(2)—and the complete neutralization 
—Graf-Schworm (3)—to “any acid- 
forming substance” (2, 4). One 
method, neutralization by carbon di- 
oxide gas, is attractive to those plants 
already using this gas as part of the 
existing process, or where it may be 
easily made available. Moreover, pre- 
liminary work has indicated that sols 
so prepared would be active through- 
out a much wider range of neutraliza- 
tion, and would be much more stable, 
than those made by the use of a strong 
acid. Although sols made with am- 
monium sulfate are stable and 
“asy to prepare, the ammonium ion 
added to the water will greatly in- 
crease the cost of free residual chlorina- 
tion. Sols made from sodium bicarbon- 
ate have the desirable characteristics 
but involve the purchase of an addi- 
tional chemical, whereas the carbon 
dioxide is nearly free. 

The work described in this paper 
was undertaken to develop data on the 
character of sols prepared by the use 
of carbon dioxide gas. From the stand- 
point of water plant operation, it was 
considered very desirable that the prep- 
aration should be as simple as possible 
and should be controlled by reliable 
test methods. It was believed 
important to know for what length of 
time after preparation these sols would 
remain active and how long they might 
be stored before a whole tank became 
solid and interrupted an entire plant’s 
operation. The pH, percentage of neu- 
tralization, stability and activity were 
studied in order that the preparation 
of the sol might be controlled and that 
efficient design of preparation and stor- 
age equipment might be possible. Sta- 
bility was observed for several concen- 
trations of SiO, to determine the effect 
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of age upon the stability of the various 
sols. The rate of absorption of carbon 
dioxide, in the concentration usually 
available for plant use as_ scrubbed 
burner or stack gas of 10 per cent CO, 
strength, was observed for several rates 
of flow and different tank depths on a 
pilot plant scale. 


Experiments 


All sols were prepared from N sili- 
cate of soda (produced by the Phila- 
delphia Quartz Co.) having an approxi- 
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mate composition of 8.9 per cent Na,O, 
and 28.7 per cent SiO,; a density of 
41° Bé; and a weight of 11.6 lb. per 
gallon. Two-liter batches were pre- 
pared by rinsing 50.7 ml. of the sodium 
silicate into 2-liter volume with distilled 
water for each 1.0 per cent SiO, de- 
sired in the finished sol. Pure carbon 
dioxide gas was introduced through a 
t-in. fritted-glass diffuser plate at the 
bottom of a 2-liter glass beaker and 
just below a metal stirrer connected to 
an electric motor. The temperature 
throughout the period of observations 
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was approximately 25°C. The appa- 
ratus is shown in Fig, 1. 

The labeling and identification of the 
various samples reserved for stability 
observations were facilitated and 
greatly simplified by the use of the 
expression ““@SiO, X A%,” in which 
“%SiO,” gives the strength of the sol 
in percentage SiO,, and “A%,” the 
degree of neutralization of the Na,O 
by the activating agent. For example, 
“1.5% SiO, x CO, 65.50” would de- 
scribe a sol containing 1.5 per cent 


Apparatus for Preparation of CO.-activated Silica Sols 


silica whose sodium oxide was 65.5 per 
cent neutralized by carbon dioxide. 

The pH was measured by means of 
a Model G Beckman glass-electrode 
pH meter. The special blue-glass 
electrode was used for the higher pH 
measurements. Readings were taken 
both during the addition of the carbon 
dioxide gas with stirring and on 100- 
ml. portions withdrawn by means of a 
50-ml. pipette whose tip was cut off for 
speed in operation. From these por- 
tions 10.0-ml. titration samples were 
taken. 
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Stability Determination 

Stability, or gelling time, was de- 
termined as the age of a sol at which 
it would just resist free flow. Samples 
were poured from the 100-ml. reserve 
portion into 22 x 175-mm. test tubes, 
which were tightly stoppered and 
placed in racks when half full. Before 
gelling, a period of increasing turbidity, 
opalescence and viscosity was observed 
on holding the tubes in a horizontal 
position and gently tilting them back 
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and forth. Gelling time was taken 
when definite resistance to free flow 
could be observed. The sol would 
later develop more or less solidly and 
rapidly, depending on the concentration 
and degree of neutralization. In order 
to determine what effect the size of the 
sample contained might have upon the 
observed gelling time, several such de- 
terminations were also made using 
smaller test tubes, 250-ml. and 2-liter 
beakers, and a 1-gal. glass bottle for 
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each separate batch of sols. The gelling 
time so measured was in close agree- 
ment for all sizes of containers used. 
Figure 2 shows the results of gel time 
observations on sols containing 0.5, 1.0, 
1.5, 2.0 and 3.0 per cent SiO.. 


Percentage Neutralization 

The percentage neutralization was 
determined by the same general method 
of differential titration with two indi- 
cators as is used in the determination 
of alkalinity in water (5). A 10.0- 
ml. sample was diluted with boiled dis- 
tilled water to 50.0 ml. and titrated 
with 0.100 NV H,SO, using phenolpthal- 
ein and methyl orange indicators to 
calculate the proportion of hydroxide, 
carbonate and bicarbonate present. 
For a 10.0-ml. sample, each milliliter 
of acid is equivalent to 500 ppm. of 
alkalinity as CaCO,. As the phenol- 
phthalein endpoint was difficult to fix, 
1.0 ml. phenolphthalein was used with 
six drops of methyl orange added. The 
endpoint was taken as the point at 
which a clear yellow color resulted with 
no redeveloped pink color on further 
addition of 0.25 ml. phenolphthalein. 
The methyl orange endpoint was run 
to a distinct pink color. Alkalinities 
were calculated as uncorrected CaCO, 
alkalinity in parts per million in the 
order: hydroxide-carbonate—bicarbon- 
ate. A sample whose alkalinity was 
calculated as 0 ppm. hydroxide, 5,600 
ppm. carbonate and 1,800 bi- 
carbonate would be entered as “O- 
5,600-1 800.” 

The percentage neutralization was 
calculated on the basis of 100 per cent 
conversion to bicarbonate. In_ this 
manner, a sol whose alkalinity was 
4,500-3,700-0 would be considered 20 
per cent neutralized. Likewise, an 
alkalinity of O-7,600-O would be 50 
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per cent, and an alkalinity of 0-O- 
7,600 would be 100 per cent neutral- 
ized. 

The percentage neutralization meas- 
urements were made to give the curve 
of Fig. 3, covering four different runs. 
It will be noted that several variations 
appear, which are believed to be due 
to the operation and to operational 
difficulties of the glass electrode in this 
system. Cleaning and re-zeroing of 
the glass electrode must be done very 
frequently, perhaps too often to be 
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control of the preparation of a sol ex- 
cept as a very general danger signal 
for the quick approach of overneutrali- 
zation. Phthalein red covers the upper 
part of the critical pH range but 
changes too slowly and gradually for 
safety in control. Thymolphthalein is 
somewhat better because, when the 5- 
ml. test tube of the usual commercial 
type of comparator is used, some 
margin of safety is possible. Viewed 
across the tube against a white back- 
ground, the distinct blue color of the 
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practicable. The excessively moist at- 
mosphere prevailing could also have in- 
troduced some error. On standing, the 
various sols reserved for stability ob- 
servations showed some shift, both in 
pH and in alkalinity. It is believed 
that the pH-—neutralization curve rep- 
resents a true picture of results obtain- 
able under optimum conditions only. 
Two colorimetric pH indicators were 
observed which were in good agree- 
ment with the glass electrode. Since 
no break occurs in the pH curve, there 
is little to recommend them for the 


pH-—Neutralization Curve 


indicator fades to a very faint blue at 
the critical point of neutralization of 
the 1.5 per cent SiO, sols. 


Measurement of Activity 


Water from the Miami Canal was 
used for testing the activity of carbon 
dioxide—activated silica sols as a co- 
agulant in softening water with lime. 
This water is quite difficult to treat 
and was believed to be more suitable 
for a comparative test than an easily 
treated one. The turbidity of the un- 
treated raw water is quite low and, 
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moreover, the character of the floc 
formed on softening is little affected 
by slight variations in the amount of 
lime used. The amount of floc in sus- 
pension after fifteen minutes’ settling, 
measured as turbidity, was used to 
compare the activity of the sols. <A 
dosage of silica was selected which was 
just less than that necessary to give the 
average turbidity produced by succes- 
sively larger doses. In the test, this 
silica dose (2.0 ppm. SiO.) was ap- 
plied to a series of jars of untreated 
water while being stirred at 160 rpm. 
This was immediately followed by the 
same quantity in all jars of a milk of 


SiO ,—ppm. 
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lime suspension to give a “zero-treated” 
water (final alkalinity of O-X-O). 
Rapid stirring continued for 5 minutes 
after the addition of the lime, followed 
by fifteen minutes of slow stirring (40 
rpm.) and finally by fifteen minutes of 
settling with no. stirring. Samples 
were taken immediately with the sam- 
pling pipette, 2 in. below the surface, 
placed directly in 150-mm. cell depth 
and read as turbidity on the Lumetron 
450 photoelectric colorimeter. The 
broken line in Fig. 4 shows the turbid- 
ity results of the varying silica dose 
(0.5-5.0 ppm. SiO,) from which the 
2.0-ppm. comparative test dose was se- 
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lected; also shown are turbidity de- 
terminations—using 2.0 ppm. SiO,—of 
a series of sols tested immediately (sols 
were diluted in less than ten minutes 
to a working concentration of 0.2 per 
cent for use 30 minutes later), after 
24 hours and after seven days before 
such dilution. 
Pilot Plant Tests 

The neutralization of 1.5 per cent 
SiO, sols by means of scrubbed 10- 


11 per cent CO, gas produced by burn- 
ing fuel oil was studied on pilot plant 


scale. The experimental unit con- 
TABLE 2 
Absorption of COz by SiOz Sol 
Alkalinity 
CO: Gas Conventions Neutralization 
sq.ft CaCO, Change 
ppm. /hr. per cent/hr, 
5-ft. Tank Depth 
i. 4,000 20. 
8,000 5%. 
14-ft. Tank Depth 
0.5 1,200 7.6 
2,700 18. 
2. 7,000 | 44. 


sisted of a 10-in. pipe 18 ft. long, set 
vertically to operate as a variable depth 


tank. The gas was forced through 
sixteen !-in. holes drilled in a_ pipe 
crossed at the bottom. All meas- 
urements of CQO, concentrations were 
made with an Orsat apparatus, and 
neutralization was measured by titra- 
tion with H,SQ,, as previously de- 
scribed. ‘The volume of gas was meas- 
ured just before that tank 
depth was the same as the head against 
which the gas was pumped. Even at 


use so 


the lowest flow rate of the gas, 100 
per cent absorption was not attained. 
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Absorption decreased as the neutrali- 
zation of the sol proceeded and was 
somewhat less at the top of the tank 
than at the bottom. The solution as 
titrated before any gas was added gave 
an indicated neutralization of 12-14 
per cent. These facts are recognized 
in the “Alkalinity Conversion” and 
“Neutralization Change’ columns of 
Table 2. When measurable differences 
were found—at the top and the bottom 
of the tank, for example—average 
values are given. 


Discussion 


It appears from a study of the curve 
of Fig. 3 that control of the preparation 
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5 per cent in the calculated neutraliza- 


tion. It is believed that the neutrali- 
zation is better controlled, and tests of 
aging sols are better accomplished, 
more reliable and more nearly repro- 
ducible, by the calculation of percentage 
neutralization using the method of ti- 
tration outlined in this paper. 
Observations indicate that the sta- 
bility of a silica sol is dependent upon 
its concentration and upon the degree 
to which it has been neutralized. The 
weaker concentrations require not 
only complete conversion of Na,O to 
NaHCO,, but some free carbon di- 
oxide as well, for complete and im- 
mediate gelation. Stronger sols will 


Per Cent Neutralization 
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of the CQO,-activated silica sols by 
means of pH would be difficult. This 
fact would be somewhat counterbal- 
anced, when using the glass electrode 
during the addition of the gas with 
stirring, by the tendency for pH to 
be indicated approximately 0.2 units 
lower than the pH at equilibrium. The 
use of thymolphthalein to show the ap- 
proach of 50 per cent neutralization at 
the observed pH of 9.5 might be in- 
dicated under some conditions. There 
is some shift in both pH and alkalinity 
after a period of time. The laboratory 
results obtained were somewhat erratic 
but generally on the order of an in- 
crease of 0.2 in pH and a decrease of 


Time — days 
Stability of Silica Sols 


gel in a very short time when activated 
only beyond the Na,CO, (50 per cent 
neutralization) stage or sooner. 

The activity of a sol, and its ability 
to perform the function of a coagulant 
or coagulant aid, is not impaired by 
the approach of gelation. Until a sol 
has ceased to be a liquid and resists 
free flow, it will behave as well as a 
sol of the same concentration that 
has either been aged less or that is 
somewhat less neutralized. At the 
other extreme—underneutralization— 
age alone, within a limited range, will 
improve the activity of a sol. More- 
over, the less completely neutralized 
sols which become solid gradually may 
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still be used while in the semiliquid 
stage. Two sols, 61.2 per cent and 
68.9 per cent neutralized, which gelled 
in sixteen and six days, respectively, 
were tested for activity as a coagulant 
in water softening the day following 
the time they resisted free-flow gela- 
tion. Both were viscous and semi- 
liquid, with a few soft lumps loosely 
adhering to the side of the containing 
tube. The turbidities, after a similar 
jar test, were 52 and 38 ppm., re- 
spectively (compare Fig. 2 and 4). 

A concentration of 1.5 per cent 
SiO, was selected as giving the best 
working stability while permitting a 
small storage tank space for the pre- 
pared sols. The 2.0 per cent concen- 
tration, however, may be used where 
control of all operations is assured. 
The 3.0 per cent solution is not rec- 
ommended for the usual plant, al- 
though it would be preferable for a 
continuous-activation, immediate-feed 
design. From Fig. 2, it appears that 
1.5 per cent SiO, sols may be neutral- 
ized with carbon dioxide to the point 
of 65 per cent conversion to the bi- 
carbonate, and will then be stable for 
well over a week. Figure 4 indicates 
that the sol should be more than 50 
per cent neutralized for immediate use 
and may be employed up to the point 
of 100 per cent neutralization, as long 
as gelation has not occurred. For use 
after 24 hours, the minimum efficient 
point is lowered to 40 per cent, the 
allowable maximum in each instance 
being that at which gelation may begin. 
These data indicate that 1.5 per cent 
SiO, sols should generally be 50 per 
cent neutralized. Conditions of use, 


however, may set a lower limit of 40 
per cent or a maximum dependent 
solely on the required stability of the 
sol. 
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The approximate stability of a sol 
may be calculated. Figure 5 includes 
the same data as Fig. 2, plotted on a 
semilogarithmic scale. The curves rep- 
resent empirical equations and define 
the trend of stability. 

For 1.5 per cent and 2.0 per cent 
SiO, sols, the equation is: 

A= — 13 log T 

For 3.0 per cent SiO, sols, the equa- 

tion is: 


A = 32—-13logT 


in which A is the percentage neutrali- 
zation, C is the concentration of sol as 
percentage SiO, and T is the time in 
days. 
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ATER consumption in Canadian 

municipalities has increased to 
such an extent during the period 1938 
to 1948 that 54 towns and cities 
throughout the dominion have found 
it necessary either to enlarge the ca- 
pacity of their systems or to recom- 
mend that the required improvements 
be undertaken immediately. Water is 
the life stream of any community, and, 
with the rapid advance being recorded 
in population, industry and standard 
of living, this increased consumption is 
definitely essential to the nation. 

The information contained in this 
paper is a summary of the replies re- 
ceived to a questionnaire sent to all 
members of the Canadian Section of 
the A.W.W.A. Approximately 270 
responses were received from water 
works officials representing the various 
communities. Of these, however, only 
79 communities, with populations rang- 
ing anywhere from 5,000 up to 
1,350,000, gave sufficient information 
to make a comparison over the last 
ten years. This report is therefore 
based on these 79 returns. Actually, 
only 75 communities are being con- 
sidered, as four replied that they had 
reduced their consumption during the 
ten-year period. The reason given by 
three of these towns was that several 
leaks had been discovered and_ re- 
paired. In the fourth area, the de- 


crease in consumption was a result of 
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reduced industrial activity after the 
war. All of the other 75 communities 
reported increased consumption. 

Just prior to the war the main con- 
cern was to keep water consumption 
to a bare minimum in order to reduce 
expenditures for power and chemicals. 
Today, although still endeavoring to 
reduce costs, Canadian water utilities 
are primarily interested in meeting the 
ever increasing demands both for in- 
dustrial and residential use. 

Table 1 gives a summary of the an- 
swers to the question: “To what do 
you consider the increase in consump- 
tion to be due?” It will be noted that 
some correspondents gave two or more 
reasons. The two chief causes were 
increased population and increased in- 
dustrial use, which will be dealt with 
in that order. High temperature and 
drought are a small contributory fac- 
tor, but, as the increase in consumption 
has been constant year after year, they 
do not affect the result to any great 
extent. New homes and offices, to- 
gether with the higher standard of 
living, are partially taken into account 
in both the first and second causes, as 
is air conditioning to some extent. 
Waste, or unaccounted-for water, al- 
though not listed as a factor in in- 
creased consumption by any of the 
75 communities, is nevertheless of sub- 
stantial importance in considering the 
consumption problem. 
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Increased Population 
The total employed population of Can 
ada increased approximately 1,350,000 
from 1939 to 1947, and during the 
same period the total number of non- 
agricultural workers rose more than 
1,450,000. These figures indicate a 
large shift of population from rural to 
urban employment, which may well be 
due to “an export volume of unex- 
pected proportions [that] developed 
because [of] the enormous credits and 
direct gifts . . . provided by the United 
States and Canada to assist in the eco- 
nomic recovery of the United Kingdom 
and the nations of western Europe” 
(1). Naturally, with the addition of 
such a great number of urban water 
users, consumption had to rise. Water 
works officials who gave increased 
population as one of the main reasons 
for the increase in water consumption 

are certainly supported by the facts. 

Not only has the total consumption 
leaped ahead, however, but the per 
capita consumption has also increased, 
although to a lesser extent when the 
amount used by industry is deducted. 
This per capita rise is due to Canada’s 
improved standard of living, which 
“has risen 50 per cent since 1939 and 
is now second only to that of the 
United States” (1). 


Increased Industrial Use 


A very prominent engineer from a 
city of approximately 250,000 consum- 
ers, stated in his reply to the question- 
naire that: “The increase in consump- 
tion is due to a small increase in 
population, but is chiefly due to an 
increase in industries, house building 
and the use of air-conditioning and 
refrigeration equipment.” In this city, 
the increased population amounted to 
approximately 25,000, while the con- 
sumption increased 3.6 mgd. The per 
capita consumption in this 100 per cent 
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metered community is 72 gpd., includ- 
ing industries. Allowing 40 gpd. per 
person would account for a consump- 
tion increase of 1 med., leaving 2.6 
mgd. still to be accounted for.  Evi- 
dently, a considerable amount was con- 
sumed by industries, with most of the 
remainder being used for new homes 
and air-conditioning and refrigeration 
units. The low per capita consumption, 
even including industries, indicates 
that the percentage of unaccounted-for 
water is very small. 

Another example is provided by a 
Canadian city with a population of 
slightly less than 200,000. Although 
only the industries and large apartment 
houses and commercial properties were 


TABLE 1 
Causes of Increased Consumption 
No. of 
Cause Utilities 
Increased population 75 
Increased industrial use 53 
High temperature and drought 23 
New homes and offices 5 
Air conditioning a 
Higher living standard 2 
Waste 0 


metered, two-thirds of all the increased 
consumption of water in this city was 
registered. Table 2 shows the great 
growth in metered industrial consump- 
tion. 

In the period 1938-48 the average 
consumption has increased 7,436,000 
gpd., and the metered consumption by 
industries, 4,978,400 gpd. The popu- 
lation increase amounted to 33,000, 
and, allowing 40 gpd. per person, this 
represents an increased consumption of 
1,320,000 gpd. There still is a balance 
of 1,137,600 gpd., which is placed un- 
der the heading of unaccounted-for 
water, dealt with elsewhere in this 
paper. Although the above facts ap- 
ply to one of Canada’s larger com- 
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munities, it is certainly not known as 
an industrial city. Yet the rise in 
consumption has been so pronounced 
that it appears to be a concrete example 
of the effect of increased industrializa- 
tion. 

Canada has become the third great- 
est industrial power in the world, in 
the short space of 35 vears (1). In 
1914 agriculture represented 43.1 per 
cent of the nation’s net production, and 
manufacturing, 35.9 per cent. In 1948 
the figures were drastically altered, 
with agriculture representing only 
19.6, whereas manufacturing had risen 
to 65.1 per cent. From 1939 to 1943- 
44, industrial production in Canada 
doubled in dollar terms. 


TABLE 2 
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of these new homes must he assured 
of a clear, wholesome water supply. 
The result is that there are now thou- 
sands of families using modern water 
and sewage systems who previously 
relied on the old hand pump or well. 

The higher standard of living is 
entering not only into home and social 
life but into business life as well, even 
into the very heart of industry. In 
the war era manpower was at a pre- 
mium, and in order to preserve what 
was available, it was necessary to look 
after the welfare of the workers. 
Plants were equipped with rest rooms 
and recreation centers. The very 


finest lavatories were installed, with 
modern showers. 


Large department 


Metered Industrial Consumption, 1938-48 


Average 


Average 
se Industrial Use 


Nonindustrial Use 
Per Capita 


lotal Use 
Per Capita 


gpd. 


1938 17,437,000 5,716,000 109 81.1 
1941 19,308,000 6,594,000 111.1 82.3 
1946 23,847,000 9,469,000 124 86.7 
1948 24,873,000 10,694,000 131 87.8 


Once again the findings agree with 
many of the replies to the question- 
naire and certainly explain the large 
increases in consumption—particularly 
in industrial centers—as well as the 
increased per capita consumption. 


New Homes and Offices 


The additional industries in- 
creased population, together with a 
higher standard of living, necessitated 
providing homes for the workers. Con- 
sequently, large housing projects have 
heen constructed, each unit equipped 
with the most up-to-date water works 
The provincial boards of 
health insist, and rightfully so, that all 


access ries. 


stores and restaurants followed suit 
by providing lounges and powder rooms 


for the public. Everyone is very proud 
of the new buildings and modern prac- 
tices, but the fact remains that more 
and more water is required for them. 
Air Conditioning 

Although many water officials have 
not given serious thought to the in- 
creased consumption due to air con- 
ditioning, some have felt its effect very 
seriously, particularly at peak summer 
consumption. It is essential that this 
matter be given consideration by water 
works men faced with the problem of 
rising demand. 
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Unaccounted-for Water 

As the reasons previously discussed 
account for only 75 to 90 per cent of 
the increased consumption, the prob- 
lem of lost water gains in significance. 
In municipalities where all water is 
metered the unaccounted-for portion 
is much smaller and the per capita 
consumption much lower than where 
only industries and the like are 
metered. According to the replies to 
the questionnaire, the average per 
capita consumption was 51 gpd. less 
for municipalities with 100 per cent 
metering than for those not fully 
metered. Actually, the per capita fig- 
ure for universally metered communi- 
ties is almost 40 per cent less than 
for those not completely metered. — It 1s 
obvious, therefore, that waste plays a 
most important part in increased wa- 
ter consumption, particularly in those 
communities where only a compara- 
tively few services are metered. 

The loss of water through under- 
ground leaks has increased in a num- 
ber of Canadian cities where winter 
conditions are severe and where the 
insulating laver of snow is completely 
removed from the roadways. For in- 
stance, in 1948 Ottawa, Ont., had 
55 broken water mains, 5 in. in di- 
ameter or larger. This number of 
breaks located and repaired repre- 
sented an increase of 200 per cent 
over the average in the previous nine 
years. 


Conclusions 


There has been a considerable in- 
crease in water consumption due to 
additional population and an_ even 
greater increase due to increased in- 
dustries, with higher living standards 
a contributing factor to the rise in both 
residential and industrial use. 
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In communities where all services 
are metered, the per capita consumption 
is being kept at a reasonably low figure. 
In areas where individual services are 
not metered, however, the consumption 
is so much higher that, if LOO per cent 
metering were in effect. the water de- 
partments in these communities could 
supply a 30 per cent greater population, 
and likewise a 30 per cent increase in 
industry, without enlarging the ca- 
pacity of pumping or purification 
plants. 

The effects of air conditioning are 
just beginning to be felt and before 
long will be a large factor in water 
consumption unless immediate steps 
are taken to control the use of city 
water for this purpose. 

A considerable saving can be made 
in waste water inside homes by: |1]| 
maintaining a well organized waste 
water inspection department ; [2] edu- 
cating the consumer to the necessity 
of conserving water and showing him 
the actual amount of water and money 
lost through needless waste (a public 
relations office is of inestimable value 
in this respect); and [3] metering 
every service. 

A marked improvement in_ losses 
due to underground leaks can be 
achieved by an efficient waste water 
survey unit. With the present prac- 
tice of snow cleaning in operation, this 
unit will have to be continuously oper- 
ated year after year. The savings 
effected, however, both from this sur- 
vey and from reducing the waste in 
homes, may well be sufficient to enable 
much greater populations to be served 
without the necessity of increasing pro- 
duction. 
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HIRE is no simple equation giv- 
ing the relationship between rain- 
fall and runoff; neither is it possible 
to determine accurately such phases 
of the hydrologic cycle as evapora- 
tion, transpiration and ground water 
changes. Some of the important fac- 
tors involved in runoff and ground 
water recharge are the type of bed- 
rock, the geologic structure, the type 
of soil, vegetal cover, topographic re- 
lief and intensity and distribution of 
rainfall. 

Over an area as large as Virginia, 
there is quite a variation in the relative 
effect of these factors. For instance, 
in parts of the Shenandoah Valley 
where limestone is close to the surface 
and several geologic faults exist, there 
is more rapid ground water recharge 
than in parts of the Piedmont where 
there are thick soil coverings of clay 
or clay loam. 

Although the influence of topography 
and vegetal cover is important, the one 
factor which is most significant is the 
intensity and distribution of rainfall. 
A slow rain of 1 in. over 24 hours may 
not cause any runoff, but 1 in. of 
rain in one hour on top of a saturated 
soil may result in high runoff. A 
forested area might absorb the first 
2 in. of precipitation if it came gradu- 
ally, but when the forest litter and 
soil had absorbed water to near the 
saturation point, a heavy, intensive 
rain immediately thereafter might re- 


Rainfall and Runoff in Virginia 
By Donald S. Wallace 
A paper presented on Oct. 25, 1948, at the Virginia Section Meeting, 


Richmond, Va., by Donald S. Wallace, Comr., Div. of Water Re- 
sources, State Dept. of Conservation & Development, Charlottesville, Va. 


sult in a very high percentage of runoff. 
Half an inch every third day would 
amount to about 60 in. annually, 
which, under existing conditions, would 
be a very wet year with full streams 
and wells. Yet, if it were possible to 
distribute the annual rainfall so that 
a slow rain of 4 in. occurred every 
third or fourth day, an apparently 
paradoxical situation would result in 
the summer. There would be lush 
vegetation and good agricultural con- 
ditions but little water in the streams 
and practically none in the ground to 
supply wells. Heavy rains—even 
floods—are needed to keep surface run- 
off high and wells full. Nearly all the 
water which enters the underground 
formations supplying the springs and 
wells comes from heavy rains which 
are sufficient, first to soak the topsoil, 
and second to penetrate the underlying 
soils and rocks. 

Actually, Virginia's rainfall pattern 
is one which often includes long dry 
spells followed by very heavy rains. 
The total precipitation for the year may 
therefore be nearly normal, but both 
a severe drought and a high flood may 
have occurred in the same year, with 
first a ground water loss and then a 
recharge. Another year with the same 
total rainfall evenly distributed may 
have good vegetation but small stream 
flow and little ground water recharge. 
Still another year, like 1930, may have 
so little rain that not only are the 
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TABLE 1—-Annual Runoff for Representative Virginia Rivers 


Annual Runoff in 


Drainage 
River Measurement Station Area 

sq. mt. 1930 1937 1941 1946 

Piedmont 
Rappahannock-—Fredericksburg 1,599 5.69 27.07 9.09 14.01 
James—Cartersville 6,242 7.00 23.16 8.40 
Roanoke—Clover 3,230 7.07 21.84 8.41 13.35 
Dan-South Boston 2,730 8.17 22.52 9.31 13.33 
Appomattox—Mattoax 729 5.89 22.77 7.02 14.70 
South Anna~—Ashland 393 5.08* 24.06 7.09 13.33 
Nottoway-Stony Creek 586 8.09* 20.12 6.72 15.55 

| 
Means | 6.71 23.08 8.00 13.86 
Appalachian-Valley 

Roanoke—Roanoke 388 S27 18.48 6.10 12.17 
New-Eggleston 2,941 10.53 21.61 10.76 19.85 
Clinch-Speer Ferry 1,126 9.38 21.39 8.19 16.49 
James—Buchanan 2,084 6.62 21.65 8.39 12.88 
Middle—Grottoes 360 4.87 19.56 6.88 9.31 
N.F. Shenandoah-Strasburg 772 4.04 15.46 6.23 9.01 
Means 6.78 19.69 7.76 13.28 

Tidewater 
Mattaponi—Beulahville 619 15.21 
Chickahominy—Providence Forge 249 17.70 
Blackwater—Zuni 448 14.13 
Means 15.68 

* 1931. 


stream beds dry and vegetation or 
crops killed, but there is an actual 
loss from the ground water reservoir 
as well. 

On a basis of averages, the amount 
of monthly precipitation is not badly 
distributed; that is, the mean for the 
winter months is not too much less 
than that for the summer. Yet nor- 
mally the months of heaviest precipita- 
tion—from June to August—are also 
the months of heaviest transpiration 
losses. Hence, the lighter rains dur- 
ing the late fall, winter and early 


spring contribute much more to the 
surface and ground water supplies 
than the heavier rains summer. 
This is true unless there is a tre- 
mendous outpouring of 6-20 in. during 
some hurricane storm, which, of course, 
replenishes surface and ground waters 
rapidly. 

The U.S. Geological Survey, in co- 
operation with the Virginia Dept. of 
Conservation and Development, has 
been engaged for a good many years 
in the study of the ground and surface 
water resources of the state. In the 
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TABLE 2 


Rainfall 
Region 


VIRGINIA 


Elements of Hydrologic Cycle for Major Virginia Regions 


RAINFALL 


| 
Change in 
Ground Water 
Storage 


Evapo- 
transpiration 


Piedmont 24.2 
Appalachian- Valley 23.7 
‘Tidewater 28.5 
State 24.9 


Piedmont 
Appalachian 
Tidewater 
State 


Valley 


6.7 20 —2.! 


5 

6.8 20 —3.1 
ik 20 +1.5 

6.8 20 —1.9 


20* 30 +4.2 
21.3 30 +2.7 


Piedmont 31.8 
Appalachian-Valley 30.1 
Tidewater 30.6 


State 


Piedmont 39.9 
Appalachian-Valley 35.3 
Tidewater 42.5 
State 38.8 


* estimated. 


surface water field, approximately 160 
gaging stations are now operated, 
nearly 50 per cent of which have 20 
or more years of record; at four 
points there are 50 years of record. 
Data are being collected also on the 
chemical character of these waters. 
Extensive studies have been made on 
the ground waters of the coastal plain, 
or Tidewater, and the Shenandoah 
Valley. Ground water data for the rest 
of the state are more limited, but it is 
hoped to enlarge the ground water 
program during the next few vears. 

An analysis of the water resources 


1946 


8.1 23 +0.7 
7.8 2 —0.7 
8* 2 
8. 2 


13.9 25 +1.0 
13.3 25 —3.0 
15.7 25 +1.8 
14.0 25 —0.2 


of Virginia generally starts by dividing 
the state into three main regions: the 
coastal plain, or Tidewater; the Pied- 
mont; and the Appalachian—Valley. 
The first region is that between the 
shoreline and the fall line; the second, 
that between the fall line and the Blue 
Ridge Mountains; and the third, all 
the area west of the Blue Ridge. 
There are marked differences in the 
quality of the water in these regions : 
the waters in the Valley region are 
hard and alkaline (except for the small 
streams draining the sandstone or 


shale mountain ridges); those in the 
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Piedmont are very soft, with much silt 
or suspended matter in the streams; 
and those in the Tidewater are soft 
but highly colored. 

The runoff characteristics of the 
three regions vary widely as far as ex- 
tremes are concerned but show a 
rather surprising uniformity in total or 
mean annual yield. Records indicate 
no marked differences in the range of 
temperature of the water in streams 
over the three regions; that is, the 
mountain streams get just as warm in 
the hot summertime as those in the 
Piedmont or Tidewater. This is inter- 
esting and at variance with the popular 
notion that the mountain streams are 
cool in the summer, those in the Pied- 
mont warmer and those in the coastal 
plain warmer yet.  .\ctually, it has 
been found that the Tidewater creeks 
are often somewhat cooler than most 
of the mountain rivers. The streams 
with the highest annual runoff are 
those in southwest Virginia, such as 
the New River and the tributaries of 
the Tennessee. The streams with the 
lowest annual runoff are in the Shen- 
andoah Valley, where the rainfall is 
lighter, although these streams have a 
much better low-water yield than the 
in the Piedmont or Tidewater, 
because of numerous large springs in 
that limestone valley. 

Table 1 gives the annual runoff, in 
inches, for the calendar years 1930, 
1937, 1941 and 1946 for representative 
rivers 1n each of the three main regions. 
An attempt has been made in Table 2 
to indicate for each region the annual 
precipitation, runoff, evapotranspira- 
tion and resultant gain or loss to the 
ground water for each of those years. 


ones 


1930 was a vear of record drought, 
1937 a very wet year with very high 
runoff, 1941 a severe drought vear and 
1946 a year of nearly normal rainfall 
and runoff. 
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These tables show the great differ- 
ence in runoff in wet and dry years, 
ranging from 4 to 27 in. per year. It 
will also be noted that evapotranspira- 
tion consumes as much as 80 per cent 
of the precipitation in an exceptionally 
dry year and as much as 50 per cent 
in a very wet year. 


Control and Conservation 


There is little that can be done to 
change or control the 80-50 per cent 
evapotranspiration factor. To main- 
tain the necessary vegetative cover, 
such as forests, grasslands and farm 
crops, it will be necessary to work with 
the residual 20-50 per cent of precipita- 
tion in order to conserve or increase 
the usable supply of surface or ground 
water. The most effective method, in 
the author’s opinion, is the creation of 
numerous storage reservoirs widely 
distributed over the state at locations 
where there will be little interference 
with other uses of land. Usually very 
little good farm land will need to be 
inundated. The reservoirs will store 
the winter and spring runoff and make 
possible greatly increased supplies 
during the normally low runoff months 
of July to October. 

Virginia is lacking in adequate stor- 
age reservoirs and lakes, while the de- 
mand for water for municipal and in- 
dustrial use is increasing steadily. 
Generally speaking, no industry and 
jew towns acting independently can 
build the necessary dam and_ reser- 
voir and the accompanying pipelines. 
Therefore, there is a real necessity for 
regional water districts, or perhaps a 
statewide water authority, to make pos- 
sible the financing and construction of 
these water projects. Any such ac 
tivity would have to be authorized by 
the state legislature, and much careful 
thought and preparation should precede 
action by the Assembly. 


HIS directory is a preliminary form 
of a listing intended as a regular 
feature in future issues of the A.W. 
W.A. Membership Directory. It is 
based on the declarations of those re- 
turning a questionnaire sent to all 
Association members. Because most 
of these questionnaires were returned 
in the last quarter of 1948, opening the 
possibility that isolated entries may 
now be inaccurate, and because omis- 
sions and errors are inevitable in any 
voluntarily executed questionnaire, the 
list should be considered tentative only. 
As many engineers failed to return 
questionnaires, the list is presumably 
far from complete. It is hoped that 
the stimulation provided by its publi- 
cation will prompt consultants to repair 
most of the inadequacies in their own 
listings as well as in the general form 
and content of the directory, about 
which suggestions will be welcomed. 

All A.W.W.A. members who claimed 
consulting activity in one of several 
branches of activity, and who listed 
some clients by whom they had re- 
cently been retained, have been in- 
cluded in the directory. None of these 
references has been investigated by the 
Association, however. 

Individuals are cross-referenced to 
the firms with which they are asso- 
ciated, and company names are printed 
in boldface type. When'the individual 
and the firm are the same, the indi- 
vidual’s name is in boldface. Listings 


are geographic by states, and an as- 
terisk preceding a name indicates that 
the individual or at least one member 
of the firm so distinguished is a regis- 
tered professional engineer in the state 
Per- 


under which the listing appears. 
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manent branch offices have been listed 
only when the complete address has 
been supplied, and there has been in- 
cluded a parenthetical reference to the 
state in which the main office is located. 
The italic letters following the ad- 
dress of a firm indicate the type of 
work done, in accordance with the 
key given below. All the activities 
denoted by the code letter are not 
necessarily performed by each firm so 
designated, however, as it has not 
proved practicable to break down the 
listings to distinguish specialization or 
limited activity within the various ma- 
ior fields. The code should therefore 
be accepted, with reservations, as a 
general guide only. Additional activi- 
ties not considered to be of primary 
interest to those in the water supply 
and closely allied fields are omitted. 


Key to Symbols 


A—General civil engineering, de- 
sign, construction, operation 
or maintenance 

B— Sanitary engineering, municipal 
and industrial water treat- 
ment, sewerage or drainage 

C— Appraisal, valuation or inspec- 
tion 

D— Chemistry, chemical engineer- 
ing or bacteriology 

E— Geology or ground water 

F— Hydrology 

G— Hydraulics, distribution system 
studies 

H— Irrigation 

J— Electrical engineering 

K— Mechanical engineering 

L— Accounting 

*—- Registered as a professional en- 
gineer in the state under 
which the listing appears 
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ALABAMA 


*Crockett, Vernon P., Engrs., State Na- 
tional Bank Bldg., Sheffield ABCKG 
*Hendon, Harry H.; see Polk, Powell & 

Hendon 
*Kenan, R. L., & Assoc., 
Montgomery ABCEG 
*Polk, Powell & Hendon, Chamber of 
Commerce Bldg., Birmingham 418 


Bell Bldg., 


ARKANSAS 


Dickinson & White, *\W. Dewoody Dick- 
inson, 115 N. Spring St., Little Rock 
ABCD 

Van Trump Testing Lab. (of Ill.), Rod- 
erick Van Trump, 219 Terminal Ware- 
house Bldg., Little Rock ABCD 


ARIZONA 


*Leeds, Hill & Jewett (of Calif.), 742 Se- 
curity Bldg., Phoenix AG 


CALIFORNIA 


*Adams & Ells, 306 S. Peck Rd., El 
Monte ABG 

Alcorn, James Dunn, 845 EI Centro St., 
South Pasadena 

*Alderman, Frank E.; see Holmes & Narver 

*Banks, Harvey O.; see Conkling, Harold 

*Blakeley, Loren E., Association Lab., 
1815 W. Chapman Ave., Orange ABEH 

*Breitkreutz, Emil W., 1404 Wilson Ave., 
San Marino 9 ACG 

*Brown & Caldwell, 233 Sansome St., San 
Francisco 4+ ABDEG 

‘Caldwell, David H.; see Brown & Caldwell 

*Clark, Everett L., 807 Central Bldg., 108 
W. 6th St., Los Angeles 14 ABCEFGHL 

‘Conkling, Harold, 108 W. 6th St., Los 
Angeles 14 ABCDEFGH 

Cook Research Labs., *Lawrence H. 
Cook, 950 Crane St., Menlo Park ARC 
DEGHK 

‘Ells, J. C.; see Adams & Ells 

*Hall Labs. (of Pa.), 200 Davis St., San 
Francisco 11 BI) 

“Hill, Raymond A.; see 
Jewett 

“Holmes & Narver, 824 S. Figueroa St., 
Los Angeles 14 ABCFG 

*Hyde, Charles Gilman, 2495 
Ave., Berkeley 4+ ABEFG 

*Jessup, Albert H., 224 N. Segovia Ave., 
San Gabriel 7? 

*Larson, Linne C.; see Taylor & Taylor 

*Lee, Charles H., 58 Sutter St., San Fran 
cisco 4 ABEFH 


Hill & 


Leeds, 


Shattuck 


*Leeds, Hill & Jewett, 601 W. 5th St., 
Los Angeles 13° AG 
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*Montgomery & Pomeroy, 660 S. Fair 
Oaks Ave., Pasadena 2 BD 

*Morrow, Orville E.; see Hall Labs. 

*Norgaard, John T., see Brown & Caldwell 

*Plotkin, Sheldon N.; see Westcott, Ralph 
M., Co. 

*Pomeroy, 
Pomeroy 

*Taylor & Taylor, 725 S. Spring St., Los 
Angeles 14 ABCEFGH 

*Westcott, Ralph M., Co., 1700 S. Main 
St., Los Angeles 15 BD 

*Wilson, Carl, 124 W. 6th St., Los An- 
geles 14 BD 


Richard; see Montgomery & 


COLORADO 


*Howe, Benjamin V., see Ripple & Howe 
*Moore, Theodore L., Anvil Points No. 1, 
Rifle ABG 


Ripple & Howe, *Oliver J. Ripple, 426 


Cooper Bldg., Denver 2 ABEFGH 
*Runyan, Damon, Longmont National 
Bidg., Longmont 4BH 
CONNECTICUT 
*Bowe, Albertson & Assoc. (of N.Y.), 
2082 Kings Highway, Fairfield ABC 
*Leffler, William S., Engrs. Associated, 
20 Woodland Dr., Noroton CH 
*Riordan, John E., Valley Rd., New 


Canaan 


*Rudd, E. Irvine; sce Leffler, William S. 


DISTRICT OF COLUMBIA 


Gilbert Assoc. (of Pa.), 1432 K St. N.W.,, 
Washineton ABCDEGIKL 


FLORIDA 


Black Labs., *\. P. Black, 968 S. Oak 
St.. Gainesville ABDEF 

“Connell, Maurice H., & Assoc., 200 Lang- 
ford Bldg., Miami 32) ABHIK 

‘Gillespie, Wylie W.; sce Smith & Gillespic 

Nutting, H. C., Co. (of Ohio), 1010 N.W. 
20th St., Miami G 

*Parks, Walter J., Jr.: see Reynolds, Smith 
& Hills 

*Reynolds, Smith & Hills, 227 Park St., 
Jacksonville ABCEIVGIK 


*Richheimer, Charles see Reynolds, 
Smith & Hills 

*Russell & Axon (of Mo.), Box 1431, 
Daytona Beach .JBCIGHIJK 

Smith & Gillespie, *\V. Austin Smith, 
Box 1048, Jacksonville 1 .ABCEGIK 


‘Williamson, A. Jr.; see Russell & Axon 
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GEORGIA 


*Henson, James O., Jr.; see Patchen & 
Zimmerman 

*Patchen & Zimmerman, Daniel 
Airport, Augusta ABCFGJK 

*Zimmerman, H. F.; see Patchen & Zimmer- 
man 


Field 


IDAHO 
“Briggs, Raymond J., & Assoc., Briggs 


Engineer Bldg., 619 Grove St., Boise 
ABCEGH 
ILLINOIS 
*Alvord, Burdick & Howson, 20 N. 
Wacker Dr., Chicago ABCEFGK 
*Baxter, Nelson & Woodman, Crystal 
Lake ABCEG 


*Burdick, Charles B.; see Alvord, Burdick 
& Howson 

Caldwell Eng. Co., *H. L. Caldwell, 803 
W. College Ave., Jacksonville ABG 

*Casler & Stapleton, 313 W. State St., 
Jacksonville ABGJ 

*Chlorination Specialists, 11131 S. Michi- 
gan Ave., Chicago 28 B 

*Clarke, Samuel M.; see Greeley & Hansen 

*Consoer, Townsend & Assoc., Arthur \V. 
Consoer, 351 E. Ohio St., Chicago 11 
ABCEFG 

Crawford, Murphy & Tilly, *L. K. Craw- 
ford, 4004 FE. Adams St., Springfield AB 

*Deuchler, Walter E., Co., 63 S. La Salle 
St., Aurora ABCEGJ 

Erickson Chemical Co., E. T. Erickson, 
619 N. Michigan Ave., Chicago 11 RD 

*Fletcher, E. N., Municipal Bldg., Des 
Plaines ARBEG 

*Francis Eng. Co. (of Mich.), 218 Cutler 
Bldg., Rockford ABCEFGHJK 

*Fulkman, John A.; see Consoer, Townsend 
& Assoc. 

*Gamet, Merrill B., Northwestern ‘Tech- 
nological Inst., Evanston ABG 

Greeley and Hansen, *Samuel A. Greeley, 
220 S. State St., Chicago 4 ABCEG 

*Hill, Kenneth V.; see Greeley & Hansen 

*Howson, Louis R.; see Alvord, Burdick & 
Howson 

Hyatt, Chauncey A., 5555 Sheridan Rd., 
Chicago B 

*Langdon, Paul F.; see Greeley & Hansen 

*Nelson, Carlton L., Jr.; see Baxter, Nelson 
& Woodman 

*Niles, Thomas M.; see Greeley & Hansen 

Pappmeier Eng. Co., *Louis S. Papp- 
meier, 404 Hill Arcade, Galesburg AB 

*Schmid, T.; see Chlorination Specialists 

*Stapleton, Kenneth K.; see Casler & Staple- 
ton 
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*Van Trump Testing Lab., 329 S. Wood 
St., Chicago ABCD 

*Woltmann, J. J., 314 Unity Bldg., Bloom- 

ington, ABCE 


INDIANA 


*Ammerman, Davis & Stout, 912-923 K. of 
P. Bldg., Indianapolis BDJK 

Couch & Kulin, *L. I. Couch, 224 Mansur 
Bldg., 312 E. Washington St., Indianapolis 
4 ABEG 

*Davis, Telford Ross; see Ammerman, Davis 
& Stout 

*Fulmer, Frank E.; 
& Assoc. 

*Hurd, Charles H., 333 N. Pennsylvania 
St., Indianapolis 4 ADEG 

*Kulin, Harvey J.; see Couch & Kulin 

*Leonard, O. M., & Assoc., 232 Franklin 
St., Michigan City ABCG 

*Phelps, Boyd E., Inc., 232 Franklin St., 
Michigan City; also 835 K. of P. Bldg., 
Indianapolis ABCGK 

*Steeg, Henry B., & Assoc., 2331 N. 
Meridian St., Indianapolis 8 

*Williams, Clyde E., & Assoc., 312 West 
Colfax Ave., South Bend 1 AB 

*Wilson, J. B., 10 W. Ohio St., Indianapo 
lis 4 B 


see Williams, Clyde E., 


IOWA 


*Green, Howard R., Co., 
Cedar Rapids ABCEIJK 

*Hinman, Jack J., Jr., 121 Melrose Ave., 
Iowa City ABCD 

Patera Engineering, *Edward L. latera, 


rever Bldg., 


625 Royal Union Bldg., Des Moines 
ABRCEFGJIK 
KANSAS 
*Brink-Dunwoody-Cooper, 14 Madison, 
Iola ABGJ 
*Culp, Russell L., Garnett 4B 


*Dunwoody, G. A.; 
Cooper 

Ediger Eng. Co., *O. ©. Ediger, 142 Ad- 
ministration Bldg., Wichita Municipal Air- 
port, Wichita AB 

*Hunter, H. R., 105 W. 
Wichita 2) ABCGJ 

“Rector, K. E., 538 New England Bldg., 
Topeka AB 

*Servis & Van Doren, 106 FE. 8th, Hays 
ABCEFG 

*Svaty, Karl J., 504 N. 3rd St., Hiawatha 
AC 


see Brink-Dunwor 


English St., 


*Van Doren, L. M.; see Servis & Van Doren 
Wilson & Co., *Murray A. Wilson, 223 
N. Santa Fe, Salina ARCEJ 


+ 
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KENTUCKY *Drury, McNamee & Porter, 103 E. 


Bell, Howard K., *Grant S. Bell, 553 
Limestone St., Lexington 45 ABCEG 
*Forbes, H. de B., & Son, Box 363, Rich- 
mond AB 

*Latham, James K.; see Bell, Howard K. 

*Mason, Clyde P., 507 Lafayette Ave., 
Lexington AB 

*Miller, Maurice L., 400-05 McDowell 
Bldg., Louisville ABCEFG 

*Rice, W. H., Morehead ABC 

*Watkins, J. Stephen, 145 E. High St., 
Lexington .1BCG 


LOUISIANA 


*Barnard & Burk, Triad Bldg., Baton 
Rouge ABJK 

*Burk, Jack S.; see Barnard & Burk 

*Macdonald, Frank W., School ot Civ. 
Eng., Tulane Univ., New Orleans ABFG 

*Mentz, Henry A., 500 W. Morris St., 
Hammond ABCJK 


MAINE 


*Clark, Horace L., 14 Lebanon St., San- 
ford ACEG 


MARYLAND 


*Geyer, John C., Johns Hopkins Univ., 
Baltimore 18 BEF 

*Stephens, George William, Jr., & Assoc., 
5 McCurdy Ave., Towson 4+ AB 

Whitman, Requardt & Assoc., B. 
Whitman, 1304 St. Paul St., Baltimore 2 
ABCFGJIK 

*Wolman, Abel, Whitehead Hall, Johns 
Hopkins Univ., Homewood, Baltimore 18 
ABEVG 


MASSACHUSETTS 


*Bogren, George G.; see Weston & Sampson 

Camp, Dresser & McKee, *Thomas R. 
Camp, 6 Beacon St., Boston 8 ABCEFG 

*Howard, Edwin M.; see Whitman & 
Howard 

*Howard, Paul F.; see Whitman & Howard 

Lauman, C. W., & Co. (of N.Y.), 274 
Franklin St., Boston EH 

Sampson, George A.; see Weston & Sampson 

*Weston & Sampson, 14 Beacon St., Bos- 
ton 8 ABCDEG 

*Whitman & Howard, 89 Broad St., Bos- 
ton 10 


MICHIGAN 
*Consoer, Townsend & Assoc. (of IIl.), 


557 Paw Paw Ave., Benton Harbor 


ABCEFG 


Washington St., Ann Arbor ABCEG 

Francis Eng. Co., *George W. Francis, 
303-04 Eddy Bldg., Saginaw; also 1019 
Ludington St., Johnson Bldg., Escanaba 
ABCEFGHIJK 

*Hamilton-Weeber, 354-56 Houseman 
Bldg., Grand Kapids 2. B 

*Hirn, W. C.; see Pate & Hirn 

— Roth & Clark, *George Edgar 
ABG 

*McNamee, Robert L.; see Drury, MeNa- 
mee & Porter 

*Orr, Edwin M., 402 Calvin Theatre 
Bldg., 22148 Michigan Ave., Dearborn 
AB 

*Pate & Hirn, 532 Michigan Bldg., De- 
troit 26 ABG 

*Ward, A. Edward; see Hamilton-Weeber 

Williams & Works, *W. B. Williams, 
Court House, Grand Rapids AB 


MINNESOTA 


*Duvall, Arnot J.; see Toltz, King & Day 

Hitchcock & Estabrook, 521 Sexton Bldg., 
Minneapolis ABCGIK 

*Lane, L. E., Masonic Temple, Willmar 
ABCG 

Lee, Lester D.; see Hitchcock & Estabrook 

Pfeifer & Shultz, 702 Wesley Temple 
Bldg., Minneapolis 4 ABG 

*Rynda, Joseph T., Jr., Box 304, Mont- 
gomery ABEGIK 

Seidel, Harris Forrest; see Pfeifer & Shultz 

*Toltz, King & Day, 1509 Pioneer Bldg., 
St. Paul 1 


MISSISSIPPI 
Moser, C. R., Engineering Co., *Cecil 


Ramsey Moser, 603 First Federal Savings 
& Loan Bldg., Jackson ABG 


MISSOURI 


*Baldwin, Robert L.; see Burns & Mc- 
Donnell Eng. Co. 


*Black & Veatch, Ernest B. Black, 4706 


Broadway, Kansas City 2. ABCD 
*Burns & McDonnell Eng. Co., Box 7088, 
Country Club Sta, Kansas City 2 
ABCEFGIK 
Dodd, C. 1.; see Black & Veatch 
Farmer, FE. A.: see Black & Veatch 
*Filby, Ellsworth L.; see Black & Veatch 


*Fylton, Edward A., 3209 Brown Rd., St. 


Louis 


*Haskins, Charles A., 800 Finance Bldg., 


1009 Baltimore \ve., Kansas City ABC 
EFG 
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*Horner & —_ 803 Shell Bldg., St. 
Louis 3 ABCEFG 
*Jens, Stifel W.; see Horner & Shifrin 
*Kirkwood, A , & Assoc., 123 Wirth- 
man Bldg., Kansas City 3 ABCGJK 
Lawrence, R. E.; see Black & Veatch 
Learned, Albert P.; see Black & Veatch 
*Lischer, Vance C.; see Horner & Schifrin 
*Mathews, C. Kelsey; see Burns & Mc- 
Donnell Eng. Co. 
Patterson, William L.; see Black & Veatch 
*Russell & Axon, 408 Olive St., St. Louis 
2 ABCFGHIJK 
see Black & Veatch 
Black & Veatch 


Samuel, Thomas D., IIT; 

Scott, Guy R.; see 

Veatch, N. T.; see Black & Veatch 
*Venger, F. E.; see Russell & Axon 
Woodson, Riley D.; see Black & Veatch 


MONTANA 


Morrison Engineering Co., *John H. Mor- 
rison, Civic Center, Helena AB 

*Wenzel, William J., 409 First Ave. S.W., 
Great Falls ABG 


NEBRASKA 


*Cramer, John W.; see Fulton & Cramer 

*Fulton & Cramer, 922 Trust Bldg., Lin- 
coln ABCJ 

*Grupe, Edgar Y., Route 2, E. Overland 
Drive, Scottsbluff; a/so Merchants Na- 
tional Bank Bldg., Omaha or 


— Harold, & Assoc., 231 N. 11th 
Lincoln ABCJ 
hate. Donald D., 1827 S. 26th St., Lin- 
coln B 
NEW JERSEY 


*Harley, F. E., Fair Lawn Radburn Trust 
Co. Bldg., Fair Lawn ABCEG 

Jacoby, McGrayne & Co., *Gordon C. 
Jacoby, 195 Van Houten St., Paterson 1 
A 

*Norcom, George D., Box 229, Conover 

lane, Red Bank RBC) 


NEW MEXICO 


*Wilson & Co. (of Kan.), 219 W. 
Albuquerque ABCEJ 


Gold, 


NEW YORK 


*Asketh, Jordan S., 33 W. 42nd St., 
York 18 AEG 

*Barker & Wheeler, 36 State St., 
7; also 11 Park Place, 
ABCEFG]J 


New 


Albany 
New York 7 


110 E. 42nd St., 


Blum, Louis D., & Co., 
New York 17. L 


1949 PRELIMINARY DIRECTORY OF 


CONSULTANTS 571 


Bogert-Childs Eng. Assoc., *Clinton L. 
Bogert, 624 Madison Ave., New York 22 
ABEG 

*Bowe, Albertson & Assoc., Thomas F. 

Bowe, 110 William St., New York 7 


ABC 

*Bull & Roberts, 117 Liberty St., New 
York 6 B 

*Caird, James M., Cannon Bldg., Troy 
BD 


*Eliassen, Rolf, College of Eng., New 
York Univ., New York 53 AB 
*Emerson, Charles A.; see Havens & Emer- 


son 
(of Pa.), 61 Broadway, 


Gilbert Assoc. 
New York ABCDEGJKL 


Haberer, James H., 108 Lynch Ave., Utica 
BCDE 
*Havens & Emerson (of Ohio), Wool- 


worth Bldg., New York 7 ABCDFG 

*Hazen, Richard; see Pirnie, Malcolm, 
Engrs. 

*Holmes, O’Brien & Gere, 204 E. Jeffer- 
son St., Syracuse B 

Ingram, William T., Prof. of Pub. Health 
Eng., New York Univ., 20 Pt. Crescent, 
Malba B 

*Irish, J. Wilbur, 906 South St., Peekskill 
AB 

Jacobson, Alvin R., San. Eng. Lab., Col- 
lege of Eng., New York Univ., University 
Heights, New York 53 ABD 

Lauman, C. W., & Co., 50 Church St., 
New York 7; also Box 341, Hicksville, 
LI. EH 

Lauman, H. E.: 

R. M.. 

EF 

ieee, Edward J., Jr., 21 N. Broadway, 
Tarrytown ABCGK 

National Brewers’ Academy & Consult- 
ing Bureau, 315-4th Ave., New York 10 
BD 


> Lauman, C. W., 
S51. Sth Ave., 


& Co. 
New York 


*Pirnie, Malcolm, Engrs., 25 WV. 43rd St., 
New York 18 ABEFG 

*Purdy, Alvin C.; see Bull & Roberts 

*Stearns, Donald E., 2400 Euclid Ave., 
Syracuse ABCEFG 

*Tanner, John R.; see Holmes, 
Gere 

*Taylor, Henry W., 
York 7 ABCG 

*Wheeler, Robert C.; see Barker & Wheeler 

Zadigan, Ruben; see National Brewers’ 
Academy & Consulting Bureau 


O'Brien & 
11 Park Place, New 


NORTH CAROLINA 


*Baity, Herman G., Box 899, Chapel Hill 
ABF 

Colburn & Weiss, *Burnam 5S. 
Jr., 803 Jackson Bldg., Asheville 


Colburn 


ABG 
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*Davis, P. D.; see Piatt & Davis 

*Dickson, W. K., & Co., 4044 S. Tryon 
St., Charlotte ABC 

*Freeman, William F., Engrs., 116} E. 
Commerce St., High Point ABCEGJ 

*Pease, J. N., & Co., 1193 E. 5th St., 
Charlotte ABG 


Peirson & Whitman, *Nat D. Peirson, 
Security Bank Bldg., Raleigh ABCEGJK 
Piatt & Davis, *William M. Piatt, 1205 
ABCDEFG 


Corcoran St. Bldg., Durham 


*Rawlins, George S.; see Pease, J. N., & Co. 


Watson & Hart, *John D. Watson, 1001 
ACEFGIJIK 


E. Bessemer Ave., Greensboro 


NORTH DAKOTA 
*Veigel, L. W., Box 466, Dickinson 


ABE 


OHIO 


*Bare, Ben K.; see Burgess & Niple 
*Barnes, George E., Case Inst. of Tech- 
nology, Cleveland 6 ABEG 
*Bonham, H. E.; see Uhlmann, Paul A., 
& Assoc. 

*Burgess & Niple, 584 EF. 
Columbus ABCEFG 

*Columbus Water & Chemical Testing 
Lab., 58 Olentangy St., Columbus 2 
BD 

*Downing, Spencer D.; see Jones & Henry 

Finkbeiner, Pettis & Strout, *Carleton S. 
Finkbeiner, 518 Jefferson Ave., Toledo 
ABG 

*Fuller, Raymond H.; see Burgess & Niple 

*Hatch, B. F.; see Burgess & Niple 

*Havens & Emerson, Leader 
Cleveland 14 ABCDFG 

*Henry, T. B.; see Jones & Henry 

*Jones & Henry, 821 Security Bldg., To- 
ledo; also 3264 W. Federal St., Youngs- 
town ABCEG 

*MacDowell, Rollin F., 401 
Twelfth Bldg., Cleveland 14 AB 

*McGill, R. D.; see Nutting, H. C., Co. 

*McIntyre, F. J.; see Columbus Water & 
Chemical Testing Lab. 

*Nutting, H. C., Co., 4120 Airport Rd., 
Cincinnati 26 G 

*Stilson, Alden E., & Assoc., 209 S. High 
St., Columbus ABCEFGK 

“a Myron W.; see Woolpert, Ralph 
Ley, 

*Uhlmann, Paul A., & Assoc., 1441 N. 
High St., Columbus 2. 4BCFG 

*Wertz, Emerson D., & Assoc., |l6) KE. 
High St., Bryan AB 

*Woolpert, Ralph L., Co., 360 W. First 

St., Dayton ARB 


Broad St., 


Bldg., 


Chester- 
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OKLAHOMA 


*Bretz, C. E., 612 Commerce Exchange 
Bldg., Oklahoma City ABG 

*Flanders, Graves & Assoc., 210 Admiral 
Rd., Stillwater ABFG 

*Graves, Quintin B.; see Flanders, Graves 
& Assoc. 

*Holway, W. R., & Assoc., 302 E. 18th 
St., Tulsa 5; also City Hall, Vinita; and 
11 S. Mill St. Pryor ABFGJ 

*Holway, William N.; see Holway, W. R., 
& Assoc. 

— George G., Eng. Co., Box 1137, 
Ada 


OREGON 


Charlton Labs., David Bb. Charlton, 2340 
S.W. Jefferson St., Portland BD 

*Corey, R. H., 421 Corbett Bldg., Port- 
land ABC 

*Cunningham & Assoc., 1112 Spalding 
Bldg., Portland 4+ ABEG 

*Green, Carl E.; see Cunningham & Assoc. 

*§mithson, Thomas, Route 2, Box 277, 
Beaverton .1BG 

*Stevens & Koon, 1204 Spalding Bldg., 
Portland 4 ABEFGH 

*Thompson, H. Loren; see Stevens & Koon 


PENNSYLVANIA 


*Albright & Friel, 1528 Walnut St., Phila- 
delphia 2. ABCFG 

Betz, John D.; see Betz, W. H. & L. D. 

Betz, W. H. & L. D., *L. Drew Betz, 
Gillingham & Worth Sts., Philadelphia 24 
ABD 

Bradford Labs., 137 
ABC 

*Campbell, John T.; see Chester Engrs. 

*Chester Engrs., 210 E. Park Way, Pitts- 
burgh 12 ABCDEFGJ 

Columbia, J. Z., R.D. No. 2, 
town BD 

*Corson, Oscar, 902 Highland Ave., Am- 
bler 

*Davis, Daniel E.; see Chester Engrs. 

Ellenberger, A. R.; see Bradford Labs. 

*Friel, Francis S.; see Albright & Friel 

Gannett Fleming Corddry & Carpenter, 
*Farley Gannett, 600 N. 2nd St., Harris- 
burg ABCEFGIKL 

*Gilbert Assoc., 412 Washington St., 
Reading; also Architects Bldg., Philadel- 
phia ABCDEGIJKL 

*Hall Labs., 323-4th Ave., Pittsburgh 22 
BD 

*Hauck, Charles F.; 


Main St., Bradford 


Burgetts- 


see Hall Labs. 


*Haydock, Charles, 311 Commercial Trust 
ABCE 


Bldg., Philadelphia 2 
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*Kerr, S. Logan, & Co., 1528 Walnut St., 
Philadelphia 2. ABDGK 

*Knowles, Morris, 1312 Park Bldg., Pitts- 
burgh ABCEFG 

Laboon & Bankson, *John F. Laboon. 
1116 Berger Bldg., Pittsburgh 19 ABCEG 

*Mansfield, M. G.; see Knowles, Morris 

*Mebus, Gecrge B., 112 S. Easton Rd., 
Glenside ABC 

Priester, Max U.; sce Betz, W. H. & L. D. 

*Rice, John M., Century Bldg., Pitts- 
burgh 22 ABCEFGK 

*Sheen, Robert T., 1300 E. Mermaid Ave., 
Philadelphia 18 ABD 

*Simpson, R. W.; see Gilbert Assoc. 

Stiemke, Robert E., Dept. of Civ. Eng., 

Pennsylvania State College, State College 

ABG 


SOUTH CAROLINA 


Barber, Keels & Assoc., *B. I. Barber, 
Box 1116, Columbia ABCEGJ 

*Furman, Thomas deS.; see Quattlebaum 
Eng. Co. 

*Quattlebaum Eng. Co., Johnston AB 


SOUTH DAKOTA 
Albert ; 


*McWayne, 
Wayne 
*Perkins & McWayne, 320 Paulton Bldg., 

Sioux Falls AB 


see Perkins & Me- 


TENNESSEE 


*Barnard & Burk (of La.), Chattanooga 
3ank Bldg., Chattanooga ABJK 

*Parker, J. Sanders, 816-8th Ave. S., Nash- 
ville 4 ABCEFG 

Patchen & Zimmerman (of 
516, Oak Ridge ABCFGJK 

Polk, Powell & Hendon (of Ala.), Cotton 
States Bldg., Nashville AB 

*Schmidt, L. A., Jr., Chattanooga Federal 
Bank Bldg., 817 Broad St., Chattanooga 2 
AFG 

*Turner, W. 
Nashville 3 


Ga.), Box 


W., Co., 2063 
ABCK 


Union St., 


TEXAS 


*Castella, William F., 1615 Transit Tower, 
San Antonio ABEG 

*Clark, S. C.; see Sigler, Clark & Winston 

*Classen, Ashley G., & Assoc., 504 N. 
Kansas St., El Paso ABCEGJ 

*Cooper, S. C.; see Parkhill & Cooper 

*Dannenbaum, J. B., 3940 Main St., 


Houston 2 ABEG 
Franklin, Louis, 6605 Belmont, Houston 
> & 
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Freese & Nichols, *Simion W. Freese, 407 

Danciger Bldg., Fort Worth ABCEFG 

*Freese, Nichols & Turner, 2111 National 
Standard Bldg., Houston ABCEFGHJK 

Garrett Eng. Co., *M. Truett Garrett Sr., 
1806 Milan St., Houston 3 ABCGJK 

*Gilbert Assoc. (of Pa.), 708 Lamar St., 
Houston ABCDEGIKL 

Hatfield Eng. Co., *C. R. Hatfield, 211 
3arfield Bldg.. Amarillo ABG 

*Helland, H. R. F., 302 Frost National 
Bank Bldg., San Antonio 5 ABCG 

*Hunter, Homer A., 6403 Bob-O-Link 
Drive, Dallas 14 ABEG 

*Martin, H. Fred; see Garrett Eng. Co. 

*Montgomery, Julian, Cons. Engrs., ()2 
West Ave., Austin ABCEFGH 

*Parkhill & Cooper, 1006-14th St., Lub- 
bock ABCEFG 

Powell & Powell, *William Llewellyn 
Powell, 501 Thomas Bldg., Dallas ABC 
FG 

*Roberts, H. N., & Assoc., 1310 Ave. Q, 
Lubbock ABCEFGJ 

*Rose, Nicholas A., 
Houston 4+ E 

*Sigler, Clark & Winston, Box 428, Wes- 
laco ABCEGHJ 

“Turner, Marvin, Engrs., Nalle Bldg. An- 
nex, Austin ABCJ 

*Turner, N. P.; see 
Turner 

*Williams, G. D.; see Montgomery, Julian 


1309 Anita Ave. 


Nichols & 


Freese, 


VIRGINIA 


Bardwell, Robert C., 2408 Rosewood Ave., 
Richmond B 

*Froehling & Robertson, 814 W. Cary 
St., Richmond ABCDEK 

Mattern and Mattern, *Edwin K. Mattern, 
118-A Campbell Ave. S.W., Roanoke 
ABC 

‘Weaver, Julian M.; see Froehling & Rob- 
ertson 


WASHINGTON 


*General Eng. Co., 725 Central 
Seattle 4 ABCGHJK 

*Griffin, DeWitt C., & Assoc., 717 Lloyd 
Bldg., Seattle 1 ABCGHJK 

*Heath, J. Ray; see General Eng. Co. 

*Hill, W. R.; see Parker & Hill 

*Mannes, C. 0.; see Griffin, DeWitt C., & 
Assoc. 

*Parker & Hill, 2021 Smith Tower, Seattle 
4 ABEI'GH 

*Porter, L. C., 303-2nd & Cherry Bldg., 
Seattle A 

*Woodward, Walter L., 203 Empire State 
Bldg., Spokane 8 ABCH 


Bldg., 
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Worthen & Wing, *Jesse M. Worthen, 
11120 Gravelly Lake Drive, Tacoma 9 
ABK 


WEST VIRGINIA 


*Kelley, W. D., Chamber of Commerce 
Bldg., Charleston ABCG 

*Settle, J. E., Peoples Bldg., Charleston 
4BI 


Thornburg, C. I., Co., Box 1892, Hunting- 
ton 17 AB 

*Todd, A. R., Wheeling Water Works, 
Wheeling 


WISCONSIN 


Davy Eng. Co., * Philip S. Davy, 502 Main 
La Crosse 

*Hitchcock & Estabrook (of Minn.), 2212 
E. Linnwood Ave., Milwaukee ABCGJK 

“Hoganson, Lester A., City Hall, Burling- 
ton ABE 


WYOMING 


*Banner, J. T., & Assoc., 4 Converse Bldg., 
Laramie ABFGH 


*Goodrich, Ralph D.; see Banner, J. T., & 
Assoc. 
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*Streeter, Robert L., Box 2010, Casper 


ARG 


CANADA 


Critoph, Steen & Cave, *Vennis Critoph, 
1155 W. Pender St., Vancouver, B.C. 
ABK 

*Demers, George, 71 St. Pierre, Quebec 
City, Que. ABCGH 

*Gore & Storrie, 1130 Bay St., Toronto 5, 
Ont. ABG 

*Lalonde, J. A., & Co., 958 Dunlop Ave., 
Montreal 8, Que. ABCEG 

Main & Rensaa, * thomas C. Main, Mac- 
Coshan Bldg., Edmonton, Alta. ABCEFG 

Proctor, Redfern & Laughlin, *E. M. 
Proctor, 11 Jordan St., Toronto, Ont. 
ABCDEG 

*Rybka, Karel R., 96 Bloor St. W., To- 
ronto, Ont. B/JK 

*Storrie, William; see Gore & Storrie 

*Tassie, Gilbert C., 2906-32nd St., Vernon, 

Wightman, Carey & MacDonald, *I°. C. 
Wightman, Amherst, N.S. BCE 


VIRGIN ISLANDS 


Kenan, R. L., & Assoc. (of Ala.), Char 
ABCEG 


lotte Amalie, St. Thomas 


Notice Re: 


mately June 15. 


Glossary—Water & Sewage Control Engineering 


All copies of the PAPER—BOUND edition of the ‘‘Glossary’’ 
were mailed during the week of May 30. 


Copies of the CLOTH—BOUND edition will be mailed approxi- 


: 


The Chicago Conference was an unparalleled success. For the 
first time in Association history, more than 2,000 water workers and their 
wives turned out to swap technical data and to fraternize and sororize 
under the auspices of an A.W.W.A. program. Not only the technical 
sessions, hut the social functions, set new records of attendance and en- 
thusiasm. And a streamlined Thursday night banquet and ball elicited 
favorable comment from every quarter, as did the prime beef and music. 
Thus the new slate of officers which took over the 1949 reins of the Asso- 
ciation received a spectacularly successful sendoff. 

On the other hand (or, rather, palm), we read with greater courage 
signs of a lot of weddings scheduled for this month, word that the base- 
ball pennant races are running true to some expert’s opinion and indication 
that June 3 either was or could have been the most uncomfortable day on 
record in our life. For this is the first week in May, and our aversion to 
prophecy is exceeded only by our anxiety to scoop the field in reporting 
what might well be (or now, have been). 

But turning from fancy to fact, we can at least devote some pages to 
the timely task of introducing our newly elected officers and directors: 


President—A. P. Black, professor of chemistry at the Univ. of 
Florida and consulting chemical engineer. He was born in Blossom, Tex., 
in 1895 and received his education at Southwestern Univ., Georgetown, 
Tex., from which he was graduated in 1917 with an A.B. degree. Later 
on he managed to squeeze in a Ph.D. degree, obtained from the Univ. of 
lowa in 1933. 

The wide and varied career of this professor of chemistry began, oddly 
enough, with the post of professor of chemistry—this was at Wesley College, 
Tex., in 1917, and included the departmental chairmanship. A year later, 
with World War I waging, he joined the Army’s Chemical Warfare Ser- 
vice, leaving it upon cessation of hostilities to become assistant chemist 
with the U.S. Bureau of Standards at Washington, D.C. In 1919 he 
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(Continued from page 1) 
accepted a post as assistant professor of chemical engineering at the Univ. 
of Florida, later transferring to agricultural chemistry and, in 1923, becom 
ing professor of chemistry, his present title. 

Extra-curricular activities include the duties of contributing editor to 
the Journal of Chemical Education, which he performed from 1924 to 1940, 
and consulting sefVvices as chemical engineer to a number of municipalities 
and corporations in Florida. He is a Charter Member of the Inter- 
American Assn. of Sanitary Engineering, and also belongs to too many 
other technical and scientific societies to mention here. He joined the 
A.W.W.A. in 1929 and has been Director, Chairman and Secretary-Trea- 
surer of the Florida Section, the latter for about 9 years. He has been a 
Director of the Water Purification Div. and Chairman of the Committee 
on Methods of Determining Fluorides, and is currently a member of several 
other Association committees, including the one revising the Manual of 
Water Quality and Treatment. He received his section’s Fuller Award in 
1939 and has just completed a term as national Vice-President. 


Vice-President—W. Victor Weir, presi- 
dent of the St. Louis County Water Co. and 
of the Missouri Water Co. Born in Warren, 
Ind., in 1902, he was educated at Washington 
Univ. In 1923, upon receiving his B.S. degree 
in civil engineering, he became junior engineer 
with the West St. Louis Water & Light Co., 
predecessor to the St. Louis County Water 
Co., and was successively appointed engineer, 
assistant manager, chief engineer, superintend- 
ent, vice-president, general manager, and, in 
1946, president. In the Missouri Water Co. 
he has progressively been superintendent, vice- 
president and general manager, and president. The latter company oper- 
ates water systems in Lexington and Independence, Mo. 

A member of the Association since 1924, Weir has been exceptionally 
active in section and national affairs. He was Chairman of the old Missouri 
Valley Section, of the Plant Management and Operating Div., and of the 
old Finance and Accounting Div. Currently he is General Chairman of 
the Committee on Organization and Administrative Policy and is a member 
of committees devoted to water works administration, publication review, 
national water policy, public relations, meters, graphical symbols and the 
revision of the Manual of Water Quality and Treatment. He received the 
Diven Medal in 1940, the Fuller Award in 1943, and was completing a 
three-year term as his section’s national director when elected to the 
Vice-Presidency. 


(Continued on page 4) 
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IT COMBATS 


INCRUSTATION... 
LEAKAGE 


Bethlehem Tar-Enameled Water Pipe 
is formed from heavy plate steel, care- 
fully welded, then generously coated 
with a uniform layer of protective tar 
enamel. As a result, it does an effective 
job of combating corrosion, incrustation 
and leakage, thus making it ideal pipe 
for supply-line service. 

Next time you need pipe for water- 
supply lines, choose Bethlehem Tar- 


JOURNAL A, 


Enameled Water Pipe. It is made in all 
diameters from 22 in. to 96 in., inclusive. 
It can also be produced in larger sizes, 
the maximum diameter being deter- 
mined by shipping clearances. It comes 
in a wide range of thicknesses, too, and 
in any length up to and including 40 ft. 

If you would like detailed information 
about Bethlehem Tar-Enameled Water 
Pipe, drop a line to us at Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Steel Corporation 
Export Distributor: Bethlehem Steel Export Corporation 


WV .A. 3 
‘ 
¢o 
\ 
4 
x 
STEEL 
BETHLEHEM c-Cramead WATER PIPE 
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Treasurer—William W. Brush, Editor, 
Water Works Engineering. Brush was born 
in Orange, N. J., in 1874 and was educated at 
New York Univ., from which he received B.S., 
C.E., and M.S. degrees. He served as engi- 
neer with the Brooklyn Water Dept. from 
1894 to 1907, transferring to the New York 
Board of Water Supply in the latter year. In 
1927 he was appointed chief engineer, and 
served in that capacity until 1934. In that 
year he began his present affiliation with the 
Case-Shepperd-Mann Publishing Corp. and Wa- 
ter Works Engineering. 

His reelection as Treasurer continues an 
unbroken record of over a quarter-century of high office in the Association, 
for, except for a two-year interval in 1928-29 when he was successively 
Vice-President and President, Brush has been Treasurer since 1922. In 
that time also he has been active on many A.W.W.A. committees, and has 
served ex officio as a member of both the Board of Directors and its Execu- 
tive Committee. He received the John M. Diven Medal in 1932 and in 
1937 was made an Honorary Member. 


Canadian Section—W. Elwood Mac- 
Donald, city water works engineer for 
Ottawa, Ont., in which city he was born and 
received his education. After some early ex- 
perience as a surveyor and draftsman for the 
city of Ottawa, he was assigned to John A. and 
Edward S. Cole Pitometer Co., of New York, 
for special training in waste water surveys. In 
1914, he became assistant in the firm of R. S. 
and W. S. Lea, engineers of Montreal, Que. 
The following year, while associated with the 
consulting firm of J. B. McRae of Ottawa, 
he worked on various water supply projects. 
The post of assistant water works engineer, which he obtained in 1916, 
brought him back to Ottawa public service, in which he has remained, 
with an interval for military service during World War I, ever since. 
In 1931 he was promoted to his present position in complete charge of 
the design, maintenance and operation of the city’s water works. Among 
his other accomplishments is the invention, in 1919, of a self-contained 
electric thawing apparatus. 


(Continued on page 6) 


i 
. 
\ 
| 


June 1949 JOURNAL A.W.W.A. 5 


AT GRAND RAPIDS, MICH., the first city-wide 
tooth decay control project in America employs 
the OMEGA Loss-in-Weight Gravimetric Feeder 
to add sodium flouride to the city’s water supply. 
Sponsors of this pioneer undertaking selected 
the Omega Feeder for its time-tested reliability 
and its extremely high accuracy. With positive 
rate adjustments, this feeder provides the close 
control of feeding needed to maintain correct 
flouride concentration for optimum tooth decay 
control. 


The Loss-in-Weight Gravimetric Feeder, by feeding 
4 to an accuracy of 99% or better, performs a wide 
range of chemical treating and feeding operations in water 
works and sewage plants throughout the country. With the 
Omega Dust Collector, chemical feeding is dust-free as 
well as trouble-free — the perfect combination for modern 


OMEGA PRODUCTS plant operation. Descriptive bulletin on request. 
Volumetric Feeders 
Gravimetric Feeders 
Solution Feeders 
Lime Slacking Equipment 
Bucket Elevators 
Laboratory Stirrers THE LAST WORD IN FEEDERS 


ORA EG 
OMEGA MACHINE COMPANY 


(Division of Builders Iron Foundry) 
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Indiana Section—Edward F. Kinney, 
district manager for the Wallace & Tiernan Co., 
with headquarters at Indianapolis, Ind. He was 
born in Syracuse, N.Y., and attended Manhat- 
tan College in New York City. Jn 1926 he 
joined the Wallace & Tiernan organization, 
with which he has remained ever since. He has 
been Vice-Chairman and Chairman of the In- 
diana Section. His activity in district meet- 
ings, membership building and short schools 
earned mention in the citation for the Fuller 
Award which he received in 1944, although it 
was primarily given for his work in time of 
disaster. 


Iowa Section—H. F. Blomquist, super- 
intendent and engineer of the Cedar Rapids, 
Iowa, water works. A native of Wisconsin, 
he received a C.E, degree from the Univ. of 
Minnesota in 1907, and spent the next three 


years as city engineer of New Ulm, Minn. 
His next post was that of city engineer and 
superintendent of water works at Mankato, 
Mich., where he served until 1917. The fol- 
lowing year he was appointed principal assist- 
ant engineer of the St. Paul, Minn., water 
department, in which capacity he made a loca- 
tion survey and estimate of cost of a cross- 
country conduit from St. Paul to the Mississippi River north of Minne- 
apolis. In 1921 he was appointed to his present post with the Cedar 
Rapids water works. 


(Continued on page 8) 
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After cleaning 


Special Power Winch for pulling cleaning head through pipe. 


Just 30 years ago the water mains of the city of Toledo, Ohio were 
successfully cleaned by National. 


The thoroughness with which National performed that initial job, along 
with the exceptionally fine water treatment system installed by Toledo's 
Water Works Department has enabled the original cleaning to last 30 years. 


It was because of that unusual record that Toledo’s progressive water 
works department has again selected National to clean its entire water 
main system—a program that will take over five years to complete. 


Tests made on those lines already cleaned by National indicate higher 
pressure and increased carrying capacities, resulting in greater fire pro- 
tection for Toledo’s outlying districts. 


There's no obligation to have a National engineer estimate the cost 
of cleaning your lines. Why not write today! 


30 


NATIONAL WATER MAIN CLEANING CO., 50 church st. N.Y. 7, N.Y. 


ATLANTA, GA., 333 Candler Building * ATLANTA, GA., 1221 Mortgage Guarantee Bldg. 
BOSTON, MASS., 115 Peterboro St. * CHICAGO, ILL., Room 1336, 122 So. Michigan 
Avenue «© FLANDREALJ, S. D., 315 No. Crescent Street * KANSAS CITY, MO., 422 B. 
M. A. Bldg. * LITTLE-FALLS, N. J., Box 91 © LOS ANGELES, CALIF., 448 So. Hill 
Street © OMAHA 5, NEBR., 3812 Castellar Street © RICHMOND 19, VA., 210 East Frank- 
lin Street ¢ SALT LAKE CITY, UTAH, 149-151 W. Second South St. © SAN FRANCISCO, 
CALIF., 681 Market St. * SIGNAL MOUNTAIN, TENN., 204 Slayton Street * WACO, 
TEXAS, P. O. Box 887 * MONTREAL, 2028 Union Avenue * WINNIPEG, 576 Wall St. 
HAVANA ¢ MAYAGUEZ, PUERTO RICO * BOGOTA * CARACAS « MEXICO CITY. 
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Kansas—Major C. Hagar, superintend- 
ent of the Lawrence, Kan., water department. 
He was born in Boonville, Mo., in 1903, and 
received a business college education there. He 
then studied metallurgy with Mrs. May B. 
Lindley, Oakland, Calif., metallurgist, and did 
special work in sanitary engineering at the Univ. 
of Missouri. He is now a registered profes- 
sional engineer in Missouri and Kansas. 

The metallurgical training was put to good 
use when he accepted a position operating min- 
ing properties in Mexico in 1927. Three years 
later he was working with the U.S. Engineers 


on navigation and flood control along the Missouri River. 


From 1937 to 


1942 he was superintendent of the Boonville, Mo., water department. The 
next post to occupy him was that of plant engineer—and later general 
manager—of the Ashley Div., General Aviation Equipment Co., of \Vilkes- 
Barre, Pa. In 1944 and 1945 he was engaged in a malaria survey in south- 
west Missouri for the U.S. Public Health Service, and in the latter year 


accepted his present position. Until his election as Director, he had been 


Missouri Section—Melvin P. Hatcher, 
director of the Kansas City, Mo., water depart- 
ment. He has a B.S. degree in civil engi- 
neering from the Univ. of Missouri (1920) 
and is a licensed professional engineer in five 
states: Missouri, Ohio, Michigan, New York 
and Florida. 

From 1918 to 1940, Hatcher was asso- 
ciated with Burns and McDonnell Engineering 
Co., of Kansas City, Mo., as an engineer en- 
gaged mainly in water works design and 
valuation and utility rate-making practice. In 
1940 he began his affiliation with the Kansas 


serving as Secretary-Treasurer of the Kansas Section. 


City water department, at first as chief engineer and superintendent, and 
from 1943 to date as director. In the A.W.W.A., he has held the posts 
of Secretary of the old Missouri Valley Section, Chairman of the Missouri 


Section, and Chairman of the Plant Management Division. 
awarded the John M. Goodell prize and the Fuller Award, both in 1948, 
and currently holds the post of Chairman of the Committee on Annual 
Reports. 


(Continued on page 10) 
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SLEEVES AND 
VALVES FOR 


stanc 


LEADERSHIP FOR OVER 65 YEARS 


AND REPAIR 


There are many good makes of tapping 
and repair equipment available today. 
But there’s only ONE line with the name 
RENSSELAER behind it—and that means 
a lot to experienced users. It means 
CERTAINTY of rugged construction, no 
breakdowns on the job. It means LAST- 
INGLY watertight sleeve joints with 
heavy lead gaskets full sleeve length. It 
means that bolts WON’T TURN in bot- 
tom half of Rensselaer sleeves while nuts 
are being tightened—a big help on the job. 


And it means I-o-n-g sleeves for greater 
support, plus a neater job of centering the 
sleeve, better caulking and saving of lead, 
(thanks to the raised lead-rings inside). 
Yes, it always pays to buy under the name 
Rensselaer, the name backed 
by over 65 years of experience. 

Why not call in a Rensselaer 
Representative today? 


Gate Valves © Square Bottom Valves ® Tapping Valves ond Sleeves 
Hydrants Check Valves Air Release Valves 


RENSSELAER VALVE COMPANY ° TROY, N. Y. 


Division of Neptune Meter Company 


Atlanta, Bala-Cynwyd, Pa., Chicago, Denver, Haverhill, Mass., Hornell, N. Y., Kansas 
City, Los Angeles, Memphis, Oklahoma City, Pittsburgh, San Francisco, 


, Waco 
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North Carolina—George S. Moore, su- 
perintendent of utilities at Albemarle, N.C. 
Born in Greenville, S.C., in 1899, Moore was 
reared and educated—and later became super- 
intendent of public works—in the inappropri- 
ately named community of Leaksville, N.C. 


After being graduated from business college in 
1919, he attended North Carolina State College 
and the Univ. of North Carolina, doing special 
engineering work. He is a licensed engineer 


in that state. 

His tenure at Leaksville was from 1922 
to 1927, after which he accepted his present 
post at Albemarle. He has been Vice-Chairman, Chairman and Secretary- 
Treasurer of his section. 


Rocky Mountain Section—Dana E. Kep- 
ner, manufacturers’ representative of Den- 
ver, Colo., of which city he is a native. A 
graduate of the Massachusetts Inst. of Tech- 
nology (1921), Kepner started out as an as- 
sistant in sanitary engineering at the Harvard 
Univ. Engineering School. From 1922 to 


1924 he served as assistant engineer in the 


Chicago Sanitary District, following which he 
returned to Colorado for a five-year term as 
state sanitary engineer. He left the field of 


public service in 1929 to accept the post of 
manager of the Denver Office of the Pacific 
States Cast Iron Pipe Co., which he held until 1932. In the following 
year he began his present activities as manufacturers’ representative for 


(Continued on page 12) 


when you consider CATHODIC PROTECTION 
look to E.R.P.’s facilities 


- - top-notch research engineers and development facilities. 
- a skilled engineering and design staff 
- - trained field engineers for special surveys 
- - + first line equipment—Dow. Alcoa. Federal. Westinghouse. GE. and others 
- specialized service and installation crews conveniently located to give prompt 
service 


At ERP. your corrosion problems get the individual attention necessary tor successful 
solution. There’s no obligation Write today. 


E9 ELECTRO RUST-PROOFING CORP,., (N. J.) 


BELLEVILLE 9. NEW JERSEY + REPRESENTED IN PRINCIPAL CITIES 


| 
| 
— 
ic 
| 
i 


June 1949 JOURNAL A.W.W.A, 11 


NDALAY TO MANHATTAN 


% PROPOATIONEERS % Little Red Pump 


%Proportioneers% Heavy Duty Midget Chem-O-Feeder — “The Little 
Red Pump” — is known and trusted in every corner of the world. To the 
Chinaman, African, and American alike it means safe, pure water. It 
handles the all-important jobs of water sterilization, taste and odor 
control, water softening, and dozens of other water treating applications. 
Because of its extremely simple, rugged construction, the Little Red 
Pump can be safely operated by almost anyone. It treats from a few | 


gallons to a million gallons of water a day and feeds chemicals up to 
7’ g.p.h. against pressures to 85 a 
p.s.i. The chemical being fed ( FEEDS ‘a 

shows plainly in the “See-Thru” Hypochlorite Solution 

plastic head and the action of the | Hexametaphosphate 
valves and diaphragm is clearly | Alum Solution 


visible. Over 27,000 %Propor- Ferric Chloride 


Soda Ash 
fioneers% units right now are | ¢ 


making this a healthier, better | ond other water treating 
world to live in. {chemicals 
Write for Bulletin HDM-2 


PROVIDENCE 1, R. I. 
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water works and sewage equipment. He has been secretary and chairman 
of the Rocky Mountain Sewage Works Assn., president of the Colorado 
Engineering Council, and secretary and chairman of his A.W.W.A. sec- 
tion. In 1939 he received the Fuller Award. 


Southeastern Section—Henry M. Mat- 
hews, superintendent of the Thomasville, 
Ga., Water and Light Dept. He was born in 
the town of Quitman, Ga., and attended the 
Georgia Inst. of Technology. He began work- 
ing in the Thomasville Water and Light Dept. 
in 1926, and in 1939 was appointed to his 
present post as superintendent. 

Mathews is a registered professional en- 


gineer in the state of Georgia, and has been 
active in civic and technical organizations in 
that state. He was a trustee of the A.W.W.A. 
Southeastern Section for two years. 


(Continued on page 14) 


. .. Of great interest 
to Water Works & 
Sewerage Engineers 
and Operators... . 


Herei the Book 
you've been 

96 Pages 

of Illustrated, This catalog shows differ- 

Diagrammatic and ent types; how they work; 

how they are connected; wir- 

Tabular Matter \ ing diagrams; control panels; 

negarding.. \ floor stands; position indica- 

PHILADELPHIA tors; pictures of “LimiTorques” 

LIMITORQUE in action; views of “Limi- 

hun- Torques” applied to many 

oy, valves on makes of valves, etc.—indeed, 


land and sea— for js 
every conceivable a veritable “treatise’’ on Mo- 


use, arebeing safely, torized Valve Operation. 
speedily and depend- 


Please use your business let- 
Torgues’”. day in tethead when writing for this 


Torques’’, day in 
and day out. valuable catalog. 


PHILADELPHIA GEAR WORKS, Inc. 


ERIE AVENUE and "G” STREET, PHILADELPHIA 34, PA. 
New York ° Pittsburgh ° Chicago 
in Canada: William and J. G. Greey Limited, Toronto 
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FFALO METERS 


sure! THOSE BU 


® Many of the Buffalo-made Water Meters installed by water 
works up to forty years ago are still giving daily service. 


Meters instailed in 1949 will give even better 
service because of the many refinements in 


today’s American or Niagara meters. ee, AMERICAN 
BRONZE CASE 


NIAGARA 


BUFFALO METER .. Bercy 
COMPANY 
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Virginia Section—Howard E. Lordley, 
assistant director of the Richmond, Va., Dept. 
of Public Utilities. He obtained a B.S. degree 
in chemical engineering from Virginia Poly- 
technic Inst. in 1934 and an M.S. degree in 
chemistry in 1936, after postgraduate studies 
at the same institution. Thereupon he became 
plant manager of the Richmond Water Puri- 
fication Plant, a post which he held until 1946, 
with an interval for military service from 
1941 to 1945. Promotion to the position of 
assistant chief engineer of the Dept. of Public 
Utilities came in 1946, and in 1948 he was 
given his present title of assistant director of the department. He has 
been a director of his A.W.W.A. section and at present is one of the 
directors of the Association’s Water Purification Div. 


West Virginia—T. J. Blair Jr., presi- 
dent and director of the West Virginia Water 
Service Co. He was born in 1891 in Weston, 
W.Va., where he received his early education. 
Later on he attended West Virginia Wesleyan 
College and West Virginia Univ., receiving a 
B.S.C.E. degree from the latter school in 1915. 
He is a registered professional engineer in 
West Virginia. Blair has been managing wa- 
ter utilities since 1920, and has been a member 
of the Association since 1924. He is also a 
member of the American Society of Civil 
engineers. 


(Continued on page 16) 


BOND-O is machine-blended for 
absolute uniformity and contains a 
germicide to inhibit oxidation by 
sulfur bacteria. BOND-O Rubber 
Packing Gaskets are resilient—bac- 
teria-free and quickest of all pack- 
3 to install. Made in sizes 4’’ 
to 


A safe and dependable self-caulking, 
self-sealing compound for jointing 
water mains. Used with complete 
confidence by hundreds of water 
works. 


19) NORTHROP & COMPANY, INC. 
SPRING VALLEY, N. Y. 
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Centrifugally spun reinforced concrete pressure pipe with double rubber gasket 


in pipeline construction costs to reduce cost of delivered water 
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joints—for moderate operating heads ranging up to 150’ 


Left, Installing rubber gaskel in groove on spigot end of pipe. Right, Joint sections ready to slip into place— 


as a cork fils in a boltle. 


These savings are important to everyone concerned with 
main water supply line design, construction and operation: 


To Design Engineers who want a watertight closure simple in design, rugged in 
construction, flexible and positive in service. Straight steel joint sleeves permit 
some pulling of joints to allow for minor changes in alignment or grade, while angle 
sleeves may be used to prov elite for larger deflections. This unique joint is also 
adaptable for connecting to fabricated elbows, reducers and other fittings. 


To Contractors who desire ease and speed of installation. Steel joint sleeve is 
fitted in the plant to one end of each section of pipe—in effect a bell and spigot 
rubber gasket joint. 12 ft. sections facilitate laying. There’s no need to dig bell- 
holes, no circumferential welding, no laborious and costly caulkin Immediate 
back-filling i is recommended—an important cost-saving factor in itself” 


To Owners, Water Users and Taxpayers who desire maximum economies in cost 
of delivered water. Low first costs, plus the proven advantages of performance, 
sustained carrying capacity and freedom from maintenance expense assure sub- 
stantial savings. 


This type of centrifugally spun reinforced concrete pressure pipe is helping to make 
substantial savings in construction costs on Unit 5, Coachella Valley Distribution Sys- 
tem, a U. S. Bureau of Reclamation project. Information and specifications regarding 
this class of pipe are available on request. 


PIPE AND CONSTRUCTION CO. ) 


Concrete Pipe for Main Water Supply Lines, Storm & Sanitary Sewers, Subaqueous Pipe Lines 


P. O. Box 3428, Terminal Annex, Los Angeles 54, California 
Main Offices and Plant—4635 Firestone Blvd., South Gate, Calif. 
District Sales Offices and Plants—Oakland, San Diego, Portland, Oregon 


| DONT WERLOOK SAVINGS ... 
| 
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Wisconsin Section—William U. Gall- 
aher, superintendent of the Pumping, Puri- 
fication and Softening Plant of the Appleton, 
Wis., Water Dept. He received the degrees 
of B.S. in chemical engineering and M.S. from 
the Univ. of Iowa in 1921, and a Ph.D. for 
work in the chemistry of water, sewage and 
sanitation from the Univ. of Hlinois in 1924. 
The same year he accepted an appointment as 
superintendent of filtration for the Highland 
Park, Mich., Water Works. In 1928 he be- 
came assistant state sanitary engineer in Wis- 
consin, and the following year was made sales 


engineer for the General Chemical Co. in Chicago. In 1930 he joined the 
Springfield, Ill., Water Works as assistant chemist. His next affiliation, 
in 1931, was as chief chemist with Supervising Engineers, Harrisburg, Pa. 
Since 1932 he has held his present post at Appleton, and since 1937 he 
has also been a lecturer at the Inst. of Paper Chemistry in the same city. 


He has been chairman of his A.W.W.A. section and been active on several 
Association committees. 


The Fuller Award was presented to him in 1943, 


Manufacturer—Daniel J. Saunders, vice- 
president of the Permutit Co. Born in New 
York City in 1898, Saunders saw service dur- 
ing World War I with the Navy (1917-1919), 
and in the course of his tour of duty was sent 
to Stevens Inst. of Technology at Hoboken, 
N. J. He also attended Cooper Union in New 
York. In 1919 and 1920 he was a junior 
officer of the U. S. Shipping Board, joining 
the Permutit Co. in the latter year as assistant 
manager of sales. In 1936 he was appointed 
manager of industrial and municipal sales, and 
he became vice president in 1946. He is a 


Clifford L. Morgan, hydraulic and civil engineer, is now asso- 
ciated with Dana I. Kepner, manufacturers’ representative in Colorado, 


member of the Engineers’ Club of New York and of the Technical Assn. 
of the Pulp and Paper Industry (TAPPI). He has been vice president 
and president of the Water and Sewage Works Manufacturers Assn., and 
is currently a member of its Board of Governors. 


Wyoming and New Mexico, with headquarters in Denver. 


(Continued on page 20) 
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CORPORATION sToP 


0-STOp 
CORPORAT) 
ON 
ond SADDLE COMBINED 


Over 80 years of manufacturing experience 
... designed for easy installation ... long years of 
trouble-free service... interchangeable with those 
of other manufacturers... corporation stops can be 
installed with any standard tapping machine. 

All Hays fittings made of single, uniform, high 
quality water service bronze, 85-5-5-5 mix... hy- 
drostatically tested at 200 pounds or more... plugs 
individually ground in for perfect fit... specially 
lubricated for permanent easy turning. 


HAYS MANUFACTURING COMPANY 


12TH & LIBERTY STREETS, ERIE, PENNA., U.S.A. 
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ABOUT CAST IRON PIPE! 


In 1849—one hundred years ago—Utica laid 
her first 6-inch cast iron pipe. Of all the 
6-inch cast iron pipe laid from that date, 
98.2 is still in service. 

In the same year, Utica installed her first 
12-inch cast iron pipe and 99% of all the 
12-inch cast iron pipe laid from that date is 
still in service. 

Utica is one of the cities included in the 
survey of *‘Survival and Retirement Expe- 
rience with Water Works Facilities,’’ in- 
cluding cast iron water mains, conducted 
under the auspices of the American Water 
Works Association, the New England Water 
Works Association and the Institute of 
Water Supply Utilities. The recently pub- 
lished report of the findings of the survey 
shows that 96% of all 6-inch and larger 
cast iron water mains ever laid since 1817 
in 25 representative cities are still in service. 

Utica’s experience with cast iron water 
mains, therefore, while remarkable, and 
eminently satisfactory to her taxpayers, is 
not exceptional. 

We shall be glad to send on request a 
copy of our brochure “‘Survival and Retire- 
ment Experience with Cast Iron Water 
Mains,”’ reprinted by permission. Address 
Thomas F. Wolfe, Engineer, Cast Iron Pipe 
Research Association, 122 South Michigan 
Avenue, Chicago 3, Illinois. 


Of all 6-inch and 
larger cast iron _ 
water mains ever 
laid in 25 repre- 
\ sentative cities are 
0 still in service. 


Based om the findings of a survey com- 
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“Wire-to-water efficiency” is one of those terms we've never 
completely understood. Now, however, thanks to the activities of Dave 
King, an Amish farmer of Lancaster County, Pa., our confusion has at 
last been dispelled. The wire involved is an ordinary pair of wire pliers ; 
the water, underground streams; and the efficiency so great that the pliers 
jump right out of King’s hands when several streams simultaneously exert 
influence upon them, 

King, be it revealed, is king among the “modern” dowsers—modern 
by virtue of having progressed beyond the use of such primitive devices as 
the peach twig and the hazel branch as instruments of divination. Thus, 
when King recently paced over the property of the Stoystown, Pa., Water 
Co., he grasped his pet pliers firmly in hand and didn’t consider his com- 
mission executed until he had found a spot at which they took a double 
. jump, indicating, obviously, the presence of three underground streams. 
i By ignoring minor “turn-down” indications and even “single jumps,” 
. King demonstrated the kind of perseverance that has promoted science to 

its present place in the world. Then, by following through to determine 
the exact depth of the well required to tap the stream, he gave evidence of 
the utter up-to-dateness of his methods by using the latest “tinkling ring 
technic,” a procedure which involves suspending a gold ring on a silk thread 
in an empty water glass, setting the ring swinging and counting the number 
of times it strikes the glass. Based upon his count of 140 tinkles, King 
was able unhesitatingly to advise Stoystowners that their thirst would be 
quenched at a depth of 140 ft., so now it remains only for the water compan 
to complete drilling operations. 

And if, with our vocabulary thus fortified and our knowledge of 
science thus augmented, we still belabor our benefactor with irreverent 
doubts, it is undoubtedly attributable to the fact that we never really under- 

stood the term, “scientific method,” either. 


The earthquake which rocked Seattle and other Washington cities 
on April 13, filling newspapers with photographs of spectacular damage, 
apparently had little effect upon water mains, despite early reports of 
main breaks. Later investigation in Seattle showed that leaks were caused 
by loosening of pipe joints at less than a dozen locations, and that service 
was normal within 41% hours afterwards. 


Gustave G. Werner, Jr., partner in the firm of Malcolm Pirnie 
Engrs., has been awarded the Golden Cross of the Greek Phoenix Regiment 
by King Paul. He had spent 20 months in Greece as chief engineer for 
restoration of communication facilities, in connection with the program of 
the American Mission for Aid to Greece. 


(Continued on page 56) 
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Ozonated water is both good to look at and good to taste. 
Communities where unpleasant taste, color and odor removal problems 
persist in drinking water are giving increasing attention to 
Welsbach Ozonators as the answer. 

Welsbach—a name long noted for sound engineering—has been 
identified with America’s largest Ozone installations for the 
purification of municipal water supply. The recent record-breaking 
installation at Philadelphia forms the basis for an informative and 
interesting booklet whose reading may be of assistance to you. 

It will be sent you gladly on your request—without obligation to 


you, of course. Write for “Philadelphia Finds the Answer” today. 


Address; Municipal Water Systems Research Dept. 


THE WELSBACH CORPORATION 
OZONE PROCESSES DIVISION 
1500 Walnut Street Philadelphia 2, Pa. 
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Platter Chatter 
To the Editor: 


I have just received my copy of the 
Journa for April and noted your at- 
tractive cover picture and the descrip- 
tion as given on page 330. 

As you know, the Water and Sew- 
age Works Manufacturers Assn. spon- 
sored an “Antique Exhibit” at the 
A.W.W.A. Annual Conference in Chi- 
cago. For that exhibit 1 prepared a 
pictorial history of the development of 
water works pumping equipment which 
was shown through the courtesy of 
Allis-Chalmers. I have, therefore, 
delved somewhat into the history of 
old equipment. In the Journal of the 
Franklin Institute for October 1876 
there is a sketch of the Centre Square 
pumping engine and small pictures of 
the plan and elevation of the station. 
These correspond exactly with the pic- 
ture on the plate. Now, it is possible 
that the Schuylkill Station had the 
same architectural design—I do not 
know about that. 

The drawing | refer to was made by 
Frederic Gratf “from the original 
drawings and memoranda in my pos- 
session.” Mr. Graff was a draftsman 
in the Philadelphia Water Works in 
1799 and later superin- 
tendent. 


became its 


GRANT M. HINKAMP 


Engr., Public Works 

Central Sta. & Indus. Sales Dept. 
General Machinery Div. 
Allis-Chalmers Mfg. Co. 
Milwaukee 1, Wis.; Apr. 21, 1949 


lol. 41, No.6 


the Iiditor: 


I enjoyed very much seeing the blue 
plate special which was used on the 
cover of the April JourNaL. The 
picture is undoubtedly a reproduction 
from one which hangs in my office and 
is dated 1801. The wagon has been 
shifted to the left, a carriage and two 
dogs have been taken out, and the two 
trees on the berders of the picture 
have been revised. Otherwise the de- 
tails, including the smoke from the 
chimney, are the same. 

This is a picture of a booster pump- 
ing station which occupied the site in 
Center Square now occupied by City 
Hall. The marble top encloses the 
wooden tanks referred to in Mr. 
Friel’s paper (Dec. 1948 JouRNAL, 
p. 1253). The first pumping station, 
or what we would call the low-lift 
pumps, was erected on the banks of the 
Schuylkill at the foot of Chestnut St. 
The water was lifted high enough to 
flow by gravity through a brick-lined 
conduit and open canal to Center 
Square where pumps, installed in the 
station shown on the plate, lifted the 
water to the wooden tank in the dome 
above the station. We have no records 
of the station on the banks of the 
Schuylkill. 

Evpert J. TAYLOR 
Chief, Bureau of Water 
Dept. of Public Works 
Philadelphia, Pa.; Apr. 29, 1949 

Our thanks to alert readers Hin- 
kamp and Taylor for dishing out the 
dope—or rather, for doping out the 
dish. 
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Polish with a Purpose 


| 


oprers Brrumastic* 70-B gives this pipe a glass-smooth, 

high-gloss interior surface that permits high flow capacity the day it 
is put into the ground. More import: int, it assures a flow capacity equally 
as high after 10, 20, or more years’ service. 

Flow capacity remains high because Koppers Bitumastic Enamel forms 
a barrier against corrosion, rust and tuberculation inside the pipe. The ex- 
terior coating of Koppers Bitumastic prevents corrosion from soil and other 
external conditions. 

Koppers Bitumastic Enamels keep water from reaching underlying metal 
surfaces... protect against the corrosive action of chemicals... have high 
electrical resistance .. . do not deteriorate with age. 

When you specify Koppers Bitumastic 70-B Enamel for your lines, you 
know you will get long-term, maintenance-free service. Bitumastic Enamels 
are manufactured from start to finish in Koppers plants . . . Koppers Con- 
tract Department furnishes special equipment, competent supervision and 
skilled workmen for the application job. Submit your problems for recom- 
mendations and quotations. 


* T.M. Reg. U.S. Pat. Off. 


KOPPERS COMPANY, INC., Dept. 614T, Pittsburgh 19, Pa. 
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PROFESSIONAL SERVICES 


ALBRIGHT & FRIEL, INC. 


Consulting Engineers 


Water, Sewage and Industrial Waste Problems 
Airfields, Refuse Incinerators, Power Plants 
Industrial Buildings 


City Planning Reports Valuations 
Laboratory 
1528 Walnut St. Philadelphia 2, Penn. 


BOWE, ALBERTSON 
& ASSOCIATES 


Engineers 
Sewerage—Sewage Treatment 
Water Supply—Purification 
Refuse Disposal—Analyses 
Valuations—Reports— Designs 


110 Williams St. 
New York 7, N.Y. 


2082 Kings Highway 
Fairfield, 


Cuas. B. Burpick Louis R. Howson 
ONALD H. MAXWELL 


ALVORD, BURDICK & HOWSON 


Engineers 


Water Works, Water Purification, Flood 
Relief, Sewerage, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


Civic Opera Building Chicago 6 


BUCK, SEIFERT AND JOST 


Consulting Engineers 
(Formerly Nicholas S. Hill Associates) 
Water SuppLy—SewacGe Disposat— 
HyprauLic DEVELOPMENTS 


Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 B. 19th St., New York 3, N. Y. 


A. S. BEHRMAN 
Chemical Consultant 
Water Treatment 


Ion Exchange Processes and Materials 
Patents 


9 S. Clinton St. Chicago 6, Ill. 


BURGESS & NIPLE 


Civil & Sanitary Engineers 


Water Supply and Purification 


Sewerage and Sewage Treatment 


584 E. Broad St. Columbus 15, Ohio 


BLACK & VEATCH 


Consulting Engineers 
4706 Broadway, Kansas City 2, Mo. 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


BURNS & McDONNELL 
ENGINEERING CO. 


Consulting Engineers—50 Years 


Water Works, Light and Power, Sewerage, 
Reports, Designs, Appraisals, Rate 
Investigations. 


Box 7088 Country Club P.O., Kansas City 2, Mo. 
. Office: 95th & Troost Ave. 


CLINTON L. BOGERT 
ASSOCIATES 


Consulting Engineers 


JAMES M. CAIRD 
Established 1898 
C. E. Ciirron, H. A. BENNETT 


Vol. 41, No.6 


Curnton L. Bocerr 
J. M. M. Greta 
Donato M. DirmMaks 


Refuse Disposal 
Drainage 


624 Madison Avenue 


Ivan L. Bocert 
Roperr A. LiIncoLn 
Arruur P. ACKERMAN 


Water and Sewage Works 


Industrial Wastes 
Flood Control 


New York 22, N. Y. 


Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 


Cannon Bldg. 


Troy, N. Y. 
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CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 
Investigations, Reports, Design 
Supervision, Research, Development 


Boston 8, Mass. 


6 Beacon St. 


THE CHESTER ENGINEERS 


Water Supply and Purification, 
Sewerage Systems, Sewage and 
Industrial Waste Treatment, 
Power Development and Applications, 
Investigations and Reports, 
Valuations and Rates 


210 E. Park Way at Sandusky 
PITTSBURGH 12, PA. 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 


Engineers 
Water Works—Sewerage 
Industrial Wastes—Garbage Disposal 
Roads—Airports—Brid ges—Flood Control 
Town Planning—Appraisals 
lnvestigauons & Reports 


Harrisburg, Pa. 
Scranton, Pa. Pittsburgh, Pa. 


IVAN M. GLACE 


Consulting Sanitary Engineer 


Water Supply and Purification 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Design, Construction & Supervision of 
Operation 
Laboratory Service 


1001 N. Front St. Harrisburg, Pa. 


CONSOER, TOWNSEND 
& ASSOCIATES 


Water Supply —Sewerage 
Flood Control & Drainage 
Ornamental! Street Lighting—Paving 


Bridges 


Light & Power Plants—Appraisals 


351 E. Ohio St. 


Chicago 11 


GREELEY & HANSEN 
Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 


Flood Control, Drainage, Refuse Disposal 


220 S. State Street, Chicago 4 


DE LEUW, CATHER & COMPANY 


Sewerage 
Highways 


Water Supply 
Railroads 
Grade Separations—Bridges—Subways 
Local Transportation 
om 
Investigations—Reports—A ppraisals 
Plans and Supervision of Construction 


150 N. Wacker Drive 79 McAllister St. 


Chicago 6 San Francisco 2 
FAY, SPOFFORD & THORNDIKE > 
Engineers 

Charles E. Spofford Ralph W. Horne 
John Ayer William L. Hyland 


Bion A. Bowman Frank L. Lincoln 
Carroll A. Farwell Howard J. Williams 


Water 
SEWERAGE AND SEWAGE TREATMENT—AIRPORTS 


Investigations Reports Designs Valuations 


Supervision of Construction 
New York 


Boston 


& EMERSON 


C. A. Emerson 


. HAVENS 
A. ise RGER F.C. Toutes F. 


Consulting Engineers 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations—Laboratories 
Leader Bldg. Woolworth Bldg. 
CLEVELAND 14 NEW YORK 7 


W. Jones 


CHARLES HAYDOCK 


Consulting Engineer 


Water Works and Sanitation Industrial Wastes 
Design, Construction, Operation and Management 


Reports and Valuations 


Commercial Trust Building Philadelphia 2 


O. S. FENT 


Consulting Ground Water Geologist 


Water Supply Surveys 


Complete Test Drilling Service 


Box 720 


Salina, Kansas 


HITCHCOCK & ESTABROOK, INC. 


Consultants to Municipalities since 1920 


Water, Sewerage, Paving, Power Plants, 


Airports, Reports and Appraisals 


521S 


Bidg., Mi polis 15, Minn. 
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Vol. 41, No. 


ROBERT W. HUNT CO. 


Inspection Engineers 
(Established 1888) 
Inspection and Test at Point 
of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 


175 W. Jackson Blvd. 
Chicago 4, II. 
and Principal Mfg. Centers 


THE H. C. NUTTING COMPANY 


Engineers 


Water Distribution Studies 
Water Waste Surveys 
Trunk Main Surveys 

Meter and Fire Flow Test 


4120 Airport Road Cincinnati 26, Ohio 


JONES, HENRY & 
SCHOONMAKER 


(Formerly Jones & Henry) 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


Parsons, Brinckerhoff, Hall & Macdonald 


G. Gale Dixon, Associate 
Engineers 


Dams Water Works Sewerage 
Airports Bridges Tunnels 
Traffic & Transportation Reports Highways 
Subways Foundations 
Harbor Works Valuations 
Power Developments Industrial Buildings 


51 Broadway, New York 6, N.Y. 


MORRIS KNOWLES, INC. 


Engineers 


Water Supply and Purification, 
Sewerage and Sewage Disposal, 
Industrial Wastes, Valuations, 


Laboratory, City Planning. 


Park Building Pittsburgh 22, Pa. 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Pirnie 
RicHarp Hazen 


Ernest W. 
G. G. Werner, Jr. 


Investigations, Reports, Plans 


Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd Se. New York 18, N. Y. 


R. M. LEGGETTE 


Consulting Ground Water Geologist 


Water Supply Salt Water Problems 


Dewatering Investigations 


Recharging Reports 


551 Fifth Avenue New York 17, N. Y. 


THE PITOMETER COMPANY 


Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 


Penstock Gaugings 


50 Church St. New York 7, N. Y. 


Roberto Meneses Hoyos & Co. 
Ground Water Engineers 


Water Supply Geophysics 


Test Drilling Flow Tests 
Explorations Reports 


Design, Valuations & Supervision 


Reforma 12 Mexico City 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification: Sewerage & Sew- 
age Disposal; Industrial Wastes; Swimming Pool 
Control; Investigations & Reports; Design; 
Supervision of Construction; Operation 
Analytical Laboratories 


1 Lee Place Paterson 1, N. J. 


METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Kefuse 
and Industrial Wastes Problems 


Airfields Valuations 
Laboratory 


Statler Building, Boston 16 


A W. W. A. 
Membership Certificate 


Membership certificate, 844 x 11 in., suit- 
able for framing, 40¢. 
Submit name exactly as it should appear 
on certificate. 


American Water Works Association, Inc. 
500 Fifth Avenue New York 18, N. Y. 
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RIPPLE & HOWE ALDEN E. STILSON & ASSOCIATES 


Consulting Engineers Limited 
oO. J. B. V. Howe Consulting Engineers 
Appraisals—Reports Water Supply Sewerage Waste Disposal 


Design—Supervision 


Water Works Systems, Filtration and Softening Mechanical Structural 
Plants, Reservoirs, and Dams, Sanitary and = ee ee 
Storm Sewers, Sewage Treatment Plants, Surveys Reports Appraisals 
Refuse Disposal, Airports 
426 Cooper Bldg., Denver 2, Colo. 209 South High St. Columbus, Ohio 


NICHOLAS A. ROSE WARD & STRAND 


Consulting Ground Water Geologist Engineers 
Crayton N. Warp Joan A. Strano 
Investigations Water Power Wate, Steam 
. Yater Purification & Diese 
Reports Sewerage Hydraulic Testing 
Advisory Service Flood Control Hydrological Investi- 
Irrigation & Drainage gation 
1309 Anita Ave. Houston 4, Tex. 1 West Main St. Madison 3, Wisconsin 


RUSSELL & AXON 


Consulting Engineers 


Gero. S. F. E. Wencer 
Joe Jr. 


WESTON & SAMPSON 


Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage and Industrial Waste Treatment. 


Water Works, Sewerage, Sewage Disposal, Reports, Designs, Supervision of Construc- 
Industrial and Power Plants, Appraisals Ch tion \ 
a emical an acteriological Analyses 
408 Olive St. Municipal Airport 


St. Louis 2, Mo. Daytona Beach, Fla. 14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 


Engineers 
(Est. 1869.) 


JAMES F. SANBORN 


Consulting Engineer 


Investigations, Designs, Estimates, 
Water Supply, Sewage Disposal Reports and Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


50 Church St., New York 7, N.Y. 89 Broad St. Boston, Mass. 


J. E. SIRRINE COMPANY WHITMAN, a 
& ASSOCIATES 


Engineers 
4 Engineers Consultants 
Water Supply & Purification, Civil—Sanitary—Structural 
Sewage & Industrial Waste Disposal, Mechanical—Electrical 
Stream Pollution Reports, Reports, Plans, 
Utilities, Analyses Supervision, Appraisals 


Greenville South Carolina 1304 St. Paul St. Baltimore 2, Md. 


STANLEY ENGINEERING WILLING WATER 


COMPANY Public Relations Consultant 
Willing Water cartoons available in low-cost 
Waterworks—Sewerage blocked electrotypes and newspaper mats for 
Drainage—Flood Control use in building public and personnel good will. 


i —Electric 
saaeeas ee Send for catalog and price list 


Hershey Building American Water Works Association, Inc. 
Muscatine, Ia. 500 Fifth Avenue New York 18, N.Y. 
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AMERICAN 
WATER WORKS 
ASSOCIATION 


NEW MEMBERS 
Applications received April 1 to 30, 1949 


of Water & 

Indiana State 

Dearborn St., 

49) 

Amherst Water Com., \. G. Fuller, Secy., 
60 Church St., Amherst, N.S. (Corp. M. 
Apr. 

Andrews, John, Chemist & Supervisor of 
Water Purif. Plant Operation, Dept. of 
Public Utilities, Raleigh, N.C. (Jan. '49) 

Angley, E. A., Gen Mer., Water 
Works, 109 E. Michigan Mar- 
shall, Mich. (Apr. '49) 

Arruzza, Albert F., Chem. Engr. in Charge 
of Plant Services, American Cyanamid 
Co., Pearl River, N.Y. (Apr. '49) 

Badgeley, George Warren, Draftsman, 
Long Island Water Corp., 733 Sunrise 
Highway, Lynbrook, N.Y. (Apr. '49) 

Beard, Ralph Finney, Canada Dry Ginger 
Ale, Inc., Control Lab., 635 W. 54th 
St., New York, N.Y. (Apr. '49) P 

Bennett, Carl Melvin, City Engr., City 
Hall, Colorado Springs, Colo. (Apr. '49) 

Berens, Richard Conrad, Research -\sst., 
Pennsylvania Economy League, 363 
Broad St. Station, Philadelphia 2, Pa. 
(Apr. 

see Nichols Hills, 


Adams, George R., Supt. 
Sewage Treatment, 
formatory, 2802 N. 
anapolis, Ind. (.\pr. 


Re- 
Indi- 


City 
Ave., 


Bixler, G. Town of 


Black, Charles E., see Delray Beach, City 
of 


MEMBERSHIP 


CHANGES Vol. 41, No.6 


Brown, John L., Jr., see Cannon Mills Co. 
Brown, Perry H., see Johnston Pump Co. 


Burgess, Holla, Supt., Water Works, 
Cookeville, Tenn. (Apr. '49) 
- Butler, John J., Jr., Salesman, West 


Virginia Pulp & Paper Co., 230 Park 
Ave., New York 17, N.Y. (Apr. '49) 
Cain, Orville Lee, Asst. Office Engr. (Area 
Coordinator), Brown-Pacific- Maxon 
Station 1, Box 2, Guam, Guam (Apr. 

'49) PR 

Callard, Edwin George, .\sst. 
Water Dept., 215 W. Broadway, 
Beach 2, Calif. (\pr. '49) 

Cannon Mills Co., John L. Brown Jr., 
Engr., Kannapolis, N.C. (Corp. 
Apr. P 

Cardiff, R. J., Supt. of Works, 
Ont. (Apr. '49) 

Cary, James G., see Hornell Water Dept. 

Chatterjee, S., Supt. & Engr., 
Kamarhatty Water Works, 
West Bengal, India (Apr. '49) 

Clark, Herbert L., Supt., Water Works, 
Box 233, Morrisburg, Ont. (Apr. ’49) 
Colorado Springs, City of, C. C. Eastham, 
Supt., Water Div., Utilities Bldg., 18- 
20 S. Nevada Ave., Colorado Springs, 

Colo. (Corp. M. Apr. 


Commonwealth Eng. Co., The, Malvern J. 


Civ. Engr., 


Long 


San. 
M. 


Arnprior, 


Baranagar 
Baranagar, 


Hiler, Exec. Vice-Pres., 1771 Spring- 
field St., Dayton 3, Ohio (Corp. M. Apr. 


Compton, Henry John, Contractor, R.R. 
No. 2, South Haven, Mich. (Apr. ’49) 

Cortland Water Board, Daniel J. Houlihan, 
Water Supt., 23 Court St., Cortland, 
N.Y. (Mun. Sv. Sub. Apr. ’49) 

Cross, E. R., see Lexington Water Dept. 

Davis, R. W., Supt., Water Works, Lewis- 
burg, Tenn. (Apr. ’49) 


Day, Harvey A., Master Mechanic & 


Operator, Sunny Isles Water Co., Box 
682, Hallandale, Fla. (Apr. '49) 
Deakyne, J. Frank, City Megr., City of 
Seaford, 208 Pine St., Seaford, Del. 
(Apr. °49) 
Delray Beach, City of, Charles E. Black, 
City Megr., City Hall, S.E. 5th Ave., 


Delray Beach, Fla. (Corp. M. Jan. ’49) 


Dow, Arthur L., City Mer. & Supt., Board 
of Public Utilities, Paris, Tenn. (Apr. 


(Continued on page 30) 
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removed 


This pipe section was cut, under pressure, from a 48” main 


without shut-down or other interruption to service. The operation 


was performed in the course of inserting a gate valve in a 


48” cast iron main, in the distribution system of the 


Water Bureau, City of Philadelphia, Pa. 


Gate valves can be inserted under pressure by SMITH in cast iron, 


asbestos—cement or steel water mains, sizes 4” and larger, 


without shutting off service or dewatering the line. 
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A.P. SMITH MFG.CO. 
EAST ORANGE. WEW JERSEY 
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Downs, M. W., Mer., Public Utilities | Houlihan, Daniel J., see Cortland Water 


Com., Meaford, Ont. (Apr. '49) 


Board 


Drew, E. C., Avenal Water Supt., Coast | Hutchings, R. L., Salesman, Hays Mfg. 


Counties Gas & Elec. Co., 1543 Pacific 
Ave., Santa Cruz, Calif. (Apr. ’49) 

Dunbar, R. E., Pres., Ashfork Water Co., 
Inc., Box 858, Ashfork, Ariz. (Apr. ’49) 

Dunlap, A. O., Owner, Well Drilling Co., 
Dunedin, Fla. (Apr. ’49) 

Eadie, Alfred H., Mer., Public Utilities 
Com., Palmerston, Ont. (Apr. '49) 

Eastham, C. C., see Colorado Springs, 
City of 

Edmunds, C., Mer., Public Utility Dist., 
Main St., Truckee, Calif. (Apr. ’49) 

Elmore, Andrew P., Contractor, 1700 S. 
Buckeye St., Kokomo, Ind. (Apr. ’49) 

Escondido, City of, C. M. Reed, City 
Administrator, City Hall, Escondido, 
Calif. (Corp. M. Apr. '49) 

Fuller, V. G., see Amherst Water Com. 

Garon, Leopold, see Rimouski, Town of 

Gifford, Henry E., Sales Repr., Mathieson 
Chemical Corp., 1034 Hibbler Circle, 
Chattanooga 4, Tenn. (Apr. ’49) 

Glover, C. A., Supt., Water & Sewer 
Depts., Lexington, Miss. (Apr. ’49) 

Govantes, Carlos, Student, Univ. of 
Havana, Calle 11, No. 451, Vedado, 
Havana, Cuba (Apr. ’49) 

Green, Ralph D., Contractor, Box 503, 
Vincennes, Ind. (Apr. ’49) 

Halter, Sam, Supt., Water Works, Seely- 
ville, Ind. (Apr. '49) 
Harrell, H. O., Water Supt., City Water 
Plant, El Reno, Okla. (Apr. ’49) WR 
Haskett, Robert, Jr., Water Supt., Water 
Works, Westfield, Ind. (Apr. ’49) 

Hayes, Joseph A., Sales Engr., Neptune 
Meter Co., 2701 Chestnut St., Camp 
Hill, Pa. (Apr. ’49) 

Helmer, Philip E., City Water Supt., 
Pinconning, Mich. (Apr. ’49) 

Herold, Henry R., Assoc. Engr., Water 
Dept., 323 County City Bldg., Seattle 4, 
Wash. (Apr. '49) 


Hiler, Malvern J., see Commonwealth 


Eng. Co., The 


Hornell Water Dept., James G. Cary, | 


Supt. of Water, Hornell, N.Y. (Mun. 
Sv. Sub. Apr. '49) 


| 


Co., 111 Dundee Drive, Syracuse, N.Y. 
(Apr. 

Johnson, Nick G., Jr. San. Engr., State 
Dept. of Health, 1480 S. 3rd St., Louis- 
ville, Ky. (Apr. 

Johnston Pump Co., Perry H. Brown, 
Chief Engr., 2324 E. 49th St., Los 
Angeles 11, Calif. (Assoc. M. Jan. ’49) 

Kingsbury, Francis H., see Massachusetts 
Dept. of Public Health 

Lalonde, Jean Paul, Cons. Engr., Lalonde 
& Valois, 527 Canada Cement Bldg., 
Montreal, Que. (Apr. '49) 

Langlais, Zachée, Cons. Engr., 105 Cote 
de la Montagne, Quebec, Que. (Apr. ’49) 

Lavoie, Edouard, Lavoie & Delisle, Civ. 
Engrs., 187 Racine St., Chicoutimi, Que. 
(Apr. 

Leonard, D. I., City Megr., Municipal 
Bldg., Johnson City, Tenn. (Apr. °49) 

Levin, Robert B., Chemist, Tripure Prod- 
ucts Co., 652 N.W. 14th St., Miami 36, 
Fla. (Apr. '49) 

Levy, Harold C., Asst. Civ. Engr., Water 
Dept., 215 W. Broadway, Long Beach 2, 
Calif. (Apr. ’49) 

Lexington Water Dept., E. Ik. Cross, City 
Mer., 614 N. Washington, Lexington, 
Neb. (Mun. Sv. Sub. Apr. °49) PR 


_ Leyenberger, Lawrence Alden, Civ. Engr., 


(Continued on page 32) 


Buck, Seifert & Jost, Ind. Algodonera 
Bldg., Santurce, Puerto Rico (Apr. ’49) 

Littlefield, Thomas K., San. Engr., State 
Dept. of Public Health, 420—6th Ave., 
N., Nashville, Tenn. (Apr. ’49) PR 

Loucks, Donald A., Asst. Civ. Enger., 
Water Dept., 201 FE. 68th St., Long 
Beach 5, Calif. (Apr. ’49) 

Marchand, Yvon, City Engr., City Hall, 
Sorel, Que. (Apr. '49) 

Marsh, Ralph E., Supt., Rancho Mutual 
Water Co., Box 30, Route 1, Rolling 
Hills, Calif. (Apr. ’49) 

Massachusetts Dept. of Public Health, 
Div. of San. Eng., Francis H. Kings- 
bury, 51la State House, Boston, Mass. 
(Corp. M. Apr. '49) AJPR 

McClellan, Eugene W., Dist. Mgr., Home- 
lite Corp., 841 Ellicott Sq., Buffalo, 
N.Y. (Apr. 
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SPECIFICALLY DESIGNED FOR THE CLEAN, 


90% ABSORPTION 


@A constant atmosphere producer that completely burns GAS or OIL. 


@ Produces the highest percentage of COg gas with no CO or conden- 
sible carbon. 


@ Completely eliminates oil scum... no taste imparted to potable waters. 
@ No scrubbers or filters required. | 


@ Compressor handles clean, cold air only. The fuel is burned under 
sufficient pressure to cause deep diffusion directly from the producer. ie 


@ Diffuses COe gas by efficient impingement diffuser, insuring 90% 
absorption and eliminating diffuser corrosion. 


@A factory-tested, package unit with air compressor, fuel pumps, burner, 
control panel and all safety devices and appurtenances mounted on 
one frame. 


@ 50% more chemical efficiency than any other method in current practice. 


WRITE FOR BULLETIN 757 


WALKER PROCESS EQUIPMENT INC. 
EQUIPMENT EQUIPMENT ENGINEERING 
PROQUI; 


EFFICIENT RECARBONIZATION OF LIQUIDS 
| 


McCormick, Robert E., City Engr., Civic 


Se MEMBERSHIP CHANGES 


(Continued from page 30) 


| 


Center, Great Falls, Mont. (Apr. '49) P| 
Meranda, Norman E., see Yellow Springs | 


Board of Trustees of Public Affairs 


Metzger, John C., Production Mer., | 


Worthington-Gamon Meter Co., 296 
South St., Newark 5, N.J. (Apr. 49) 


Miller, George, Erection Supt., Francis | 
Hankin & Co., Ltd., Rockton, Ont. | 
| Randall, W. O., Neptune Meters Ltd., 


(Apr. 

Moilanen, Toivo E., Supt., Bryn Mawr 
Water Dist. 4, Box 466, Seattle 88, 
Wash. (Apr. '49) 


Moore, Clyde N., Jr., Asst. Civ. Engr., | 
Water Dept., 215 W. Broadway, Long | 


Beach 2, Calif. (Apr. '49) 


Moore, Robert H., Mech. Elec. Supt., | 
Falconbridge Nickel Mines Ltd., Fal- | 


conbridge, Ont. (Apr. 


Murray, W. Bruce, San. Engr., Water | 


Dept., 816 E. 19th St., Long Beach 6, 
Calif. (Apr. ’49) 

Nason, Edward McKinney, Town Engr., 
Bridgewater, N.S. (Apr. ’49) M 

Nebraska Inspection Bureau, E. C. 
Wagner, Chief Engr., 3016 Harney St., 
Omaha, Neb. (Corp. M. Apr. ’49) 

Niagara Falls Dept. of Water, Fred V. H. 
Piper, Director, 22 City Hall, Niagara 
Falls, N.Y. (Mun. Sv. Sub. Apr. '49) 

Nichols Hills, Town of, G. R. Bixler, 
Town Clerk, 6407 Avondale Drive, 
Oklahoma City 6, Okla. (Mun. Sv. Sub. 
Apr. '49) M 

O’Brien, John F., Sales Engr., Infilco, 
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Prichard, George William, Prin. Engr., 
Black & Veatch, 4706 Broadway, 
Kansas City, Mo. (Apr. '49) 

Pritchard, R. W., Mgr. & Supt., Water 
System, Morristown, Tenn. (Apr. '49) 
Radelmiller, Myron, Supt., Water Dept., 

3rd & Clark, Pasco, Wash. (Apr. '49) 

Raines, John F., see Port Perry, Corp. of 

Village of 


Lakeshore Rd., Long Branch, Ont. 
(Apr. '49) 

Randolph, Harrison T., Asst. Elec. Engr., 
Washington Suburban San. Com., 4017 
Hamilton St., Hyattsville, Md. (Apr. 
*49) 

Reed, C. M., see Escondido, City of 

Reitan, H. C., Water Inspector, Northern 
Pacific Ry. Co., Fargo, N.D. (Apr. '49) 

Rhodes, J. O., Sr., Supt., Water Works 
Plant, 1706 Selma Ave., Selma, Ala. 
(Apr. 49) 

Richards, John Raymond, Chief Mech. 
Engr., Sanitation Constr., Virginia Eng. 
Co., 29th St. at James River, Newport 
News, Va. (Apr. ’49) P 


| Riddle, Rolean Bill, Utility Supt. & City 


Inc., 60 E. 42nd St., New York, N.Y. | 


(Apr. '49) 


Mont. (Apr. 49) 


Engr., Frederick, Okla. (Apr. '49) 

Rimouski, Town of, Leopold Garon, Town 
Mer. & Engr., 55, de la Cathedrale, 
Rimouski, Que. (Corp. M. Apr. '49) 

Scheuber, Carl, Supt., Water Dept., Mon- 
trose, N.Y. (Apr. '49) 

Schultes, August C., Jr., A. C. Schultes & 
Sons, 501 Mantua Ave., Woodbury, N.J. 
(Apr. 


Sennet, Lowell E., Sales Repr., A. P. 
Oland, Carl G., Water Comrs., Sidney, | 


Papineau, Marcel, City Engr., City Hall, | 


Victoriaville, Que. (Apr. 


Parks, A. B., Secy., Nebraska Retail | 
Plumbers Assn., 1805 Harney St., | 


Omaha 2, Neb .(Apr. '49) 
Parks, Warren W., Village Mgr. & Supt., 


Hill, Box 280A, R.R. 10, Cincinnati 27, 
Ohio (Apr. M 

Piper, Fred V. H., see Niagara Falls Dept. 
of Water 

Port Perry, Corp. of Village of, John F. 
Raines, Clerk-Treas., Port Perry, Ont. 
(Corp. M. Apr. '49) 


Smith Mfg. Co., 8 S. Dearborn St., 
Chicago 3, Ill. (Apr. 
Sepede, Frank J., City Comptroller, City 
Hall, N. Miami Beach, Fla. (Apr. '49) 
Shealy, Gerald O., Filter Plant Operator, 
Com. of Public Works, 946 Cornelia St., 
Newberry, S.C. (Apr. 


2 E pt., Shipley, Charles G., Plant Supt., Comr. of 
Water Works Dept., Village of Indian | 


| 


(Continued on page 34) 


Public Works, R.F.D. 2, Box 122, Naval 
Base, S.C. (Apr. '49) 

Simpson, Alfred G., Supt. of Utilities, Box 
732, Blaine, Wash. (Apr. 49) 

Sioux Lookout, Town of, Public Utilities 
Dept., Albert Wren, Mgr., Water 
Works, Sioux Lookout, Ont. (Corp. M. 
Apr. '49) 
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Figure the Angleflow 
when you want BIG volume 


When you need big volume at low to moderate heads, 
Fairbanks-Morse Angleflow Pumps fit right into your 
pump picture. Capacities ranging to 100,000 g.p.m. 
. .. sizes from 8 to 54 inches assure a size and capacity 
for every pumping job. 


With wide, unobstructed passages through impeller 
and volute adaptable to either dry or wet pit service, 
these pumps are preferred for a wide variety of serv- 
ices. See yourFairbanks-MorsePump Distributor orlocal 
branch office. Fairbanks, Morse & Co., Chicago 5, IIl. 


FAIRBANKS-MORSE 
: “@ A name worth remembering 


DIESEL LOCOMOTIVES + DIESEL ENGINES * STOKERS © SCALES + MOTORS © GENERATORS 
PUMPS © RAILROAD MOTOR CARS ond STANDPIPES © FARM EQUIPMENT ¢ MAGNETOS 
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L., Partner, Snyder, Wolford 


Snyder, 
& McLellan, Hillsboro, Ind. (Apr. '49) | 
Spennato, S. J., Clerk-Treas., Box 95, | 
Hearst, Ont. (Apr. '49) 


Stuppy, Mark Leonard, Sales Engr., 
Simplex Valve & Meter Co., 68th & 
Upland Sts., Philadelphia 42, Pa. (Apr. 
P 

Tait, Robert E., San. Engr., Dept. of 
National Health & Welfare, Public 
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(Continued from page 32) 


Health Eng. Div., 211 Industrial Bldg., | 


Halifax, N.S. (Apr. '49) 

Thomas, Harold E., Dist. Geologist, U.S. 
Geological Survey, 303 Federal Bldg., 
Salt Lake City 1, Utah (Jan. '49) 

Thomas, Howard S., Cons. Engr., 315 
Alexander St., Rochester 4, N.Y. (Apr. 
*49) 

Tidwell, D. V., Jr., Salesman, Eng. & 
Equipment Co., 1468 N.W. 13th Ter- 
race, Miami, Fla. (Apr. '49) 

Tilson, Fred O., Dist. Sales Mgr., Mathie- 


| Camel, 


son Chemical Corp., Lock Box F, Mar- 


shall, N.C. (Apr. '49) 

Vance, James B., see Washington County 
San. Dist. No. 1 

Wagner, E. C., see Nebraska Inspection 
Bureau 

Warren, Pierre, Cons. Engr., 105 Cote de 
la Montagne, Quebec City, Que. (Apr. 
49) 

Washington County San. Dist. No. 1, 
James B. Vance, Mgr., Abingdon, Va. 
(Corp. M. Apr. 

Waterloo Water & Light Com., Edmund 
R. Wagner, Supt. of Utilities, Waterloo, 
Wis. (Corp. M. Apr. ’49) MPR 

West, William A., Sales Mgr., R. D. Wood 
Co., 591 Lindberg Blvd., Berea, Ohio 
(Apr. 

Whitfield, Cyrus Edward, Chemist, Ten- 


nessee Valley Authority, 407 N. Gay St., | 


Knoxville, Tenn. (Apr. ’49) 
Widmer, Wilbur J., Instructor of Civ. 
Eng., Univ. of Connecticut, Dept. of 


Civ. Eng., Box U-37, Storrs, Conn. | 


(Apr. P 
Wilson, W. F., Mer., Eng. Sales Dept., 


Crane Ltd., 306 Front St., W., Toronto, | 


Ont. (Apr. 
Wolfe, W. W., Asst. Mgr., Chicago Office, 
American Cast Iron Pipe Co., 1311 


First National Bank Bldg., Chicago 3, | 


Ill. (Apr. 


(Continued on page 36) 
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Woods, William A., Myr., Public Utilities 
Com., 207 Division St., Box 177, Co- 
bourg, Ont. (Apr. 


Wren, Albert, see Sioux Lookout, ‘Town of 


Yellow Springs Board of Trustees of 
Public Affairs, Norman E. Meranda, 
Supt. of Utilities, Box 226, Yellow 
Springs, Ohio (Corp. M. Apr. 49) 

Zinter, L. F., Supt., Water Works, Parkers 
Prairie, Minn. (Apr. '49) 


REINSTATEMENTS 


Barnes, George William, Supt., Water 
Dist., Hillside Ave., S. Huntington, 
N.Y. (Apr. 147) 

Brown, Abraham, Acting Div. Engr., Div. 
of Designs, Dept. of Water Supply, Gas 
& Elec., 2400 Municipal Bldg., New 
York 7, N.Y. (Apr. '46) 

Blaise G., Chairman, Finance 
Com., East Jefferson Water Works No. 
1, 503 Lake Ave., Metairie, La. (Oct. 

Fields, Bert, Mgr., Kentucky Water Co., 
Box 588, Jenkins, Ky. (July '45) 

Fry, James H., Chief Chemist, Water 
Works Dept., Filtration Plant, R.R. 1, 
Lebanon Rd., Nashville 10, Tenn. (July 
34) MP 

Jepson, A. E., Comr., Town of Fort Erie, 
200 Jarvis St., Fort Erie, Ont. (Jan. '47) 

Wagner, Nelson J., Mirs. Repr., 1946 
Main St., E., Rochester 9, N.Y. (July 

Weagraff, Charles R., Water Supt., 41 
Main St., Salamanca, N.Y. (July '35) 
MP 

White, Horace L., Asst. Supt., Indian Hill 
Village, Williamsburg, Ohio (Oct. 40) 


LOSSES 
Deaths 


Cooper, George W., Gen. Mgr., Monterey 
Bay Water Co., Box 801, Santa Cruz, 
Calif. (Oct. ’43) M 

Henderson, Charles T., Chief San. In- 
spector, Dept. of Water & Power, Box 
3669 Terminal Annex, Los Angeles 54, 
Calif. (Oct. ’44) 

Howard, Roscoe R., Supt., Munic. Utili- 
ties, Slater, Mo. (Oct. ’46) 
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ANGELES 12, CALIFORNYA 
Write for catalog 


Quirk, M. Edward, Foreman, Water 
Dept., 38 Sutton St., Peabody, Mass. 
(Apr. 


Resignations 


Carson, Harry R., Vice-Pres., Harry 
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Black, Hayse H., Chief, Indus. Waste 
Section, U.S. Public Health Service, 
Environmental Health Center, 1014 
Broadway, Cincinnati 2, Ohio (Oct. ’33) 
PR 


| Bogart, Dean B., Hydr. Engr., U.S. Geo- 


Cooper Supply Co., 223 E. Water St., | 


Springfield, Mo. (Oct. ’40) 

Duff, William, Supt. of Filtration, Box 
178, Malartic, Que. (July ’42) MPR 

Kentucky Utilities Co., E. W. Brown, 
Vice-Pres., 159 W. Main St., Lexington 
3, Ky. (Corp. M. Feb. ’05) MP 

Lavelle, John, Asst. Supt., Water Distr. 
Div., Dept. of Water & Power, 207 S. 
Broadway, Los Angeles, Calif. (Oct. 32) 
M 

Parrish, Dorothy M. (Mrs.), Geological 
Survey, Oklahoma A & M College, 306 


Chemistry Bldg., Stillwater, Okla. (Oct. | 


R 

Roberts, Charles E., Civ. Engr., Water 
Board, Eugene, Ore. (Oct. '47) 

Schwarz, George M., 985 N. Capitol St., 
Salem, Ore. (Jan. '47) 

Spencer, Harold, Water Works Foreman, 
Elec. & Water Dept., Marshfield, Wis. 
(July 

Sullivan, Daniel M., Deputy Comr., 
Public Works Dept., 607 City Hall 
Annex, Boston 8, Mass. (July ’41) 

Wittichen, Carl, Pres., Wittichen Chemical 
Co., 1609 S. 2nd Ave., Birmingham, 
Ala. (Jan. ’48) P 

Wood, J. G., Mer., Texarkana Water 
Corp., 611 Pecan, Texarkana, Ark. 
(July 

Young, Kenneth, Asst. Engr., Eng. Dept., 
Metropolitan Utilities Dist., 18th & 
Harney Sts., Omaha 2, Neb. (Jan. ’41) 
MP 


CHANGES IN ADDRESS 


logical Survey, Box 948, Albany 1, N.Y. 
(July '45) R 


| Bowman, Abraham M., Box 8, Elmira, 


Ont. (Oct. '19) Fuller Award '39. M 

Brown, James R., Dist. Mer., Trojan ‘Tool 
Equipment Co., 141 W. Jackson Blvd., 
Chicago 4, Ill. (July 

Bunnell, Kenneth J., Supt., Water Plants, 
Metropolitan Utilities Dist., 5335 N. 
25th Ave., Omaha 11, Neb. (June 34) WV 

Burnham, Lyle M., Sales Engr., 1157 Hall, 
Salem, Ore. (Oct. '40) 

Calise, Vincent J., 603 W. Olive St., Long 
Beach, N.Y. (Jan. '48) P 

Cooper, Robert A., Box 777, Passaic, N.J. 
(Apr. P 

Day, Elroy K., Sr. San. Engr., Alaska 
Health & San. Activities, U.S. Public 
Health Service, Box 960, Anchorage, 
Alaska (Jan. '48) P 

Dickson, D. B., 6005 Hillcrest Ave., 
Dallas 5, Tex. (Jan. '39) P 

Earl, Thomas C., 65 Tunstall Rd., Scars- 
dale, N.Y. (Jan. ’47) MP 

Eggers, John, San Jose Hills Water Co., 
1250 Maple Grove, Puente, Calif. (Oct. 
48) 

Eidsness, Fred A., Dist. Engr., Infilco, 
Inc., 117 S. 17th St., Philadelphia 3, Pa. 
(May '41) Fuller Award '44, P 

Fooks, Jack Herbert, 136 Fellows Court, 
Elmhurst, Ill. (Jan. R 

Frankhouser, Elmer V., Chief Power 
Engr., Head of Power & Water Purif. 
Dept., Box 545, Painesville, Ohio (Oct. 
44) P 


_ Gibbons, Edward Vincent, National Re- 


Changes received between April 5 and May5, | 


1949 


Adcock, R. W., Adcock Water Co., 467 
Williams Rd., Salinas, Calif. (Oct. ’42) 

Allison, S. L., Supt., Sewer Dept., 606 
Hoffman St., Corpus Christi, Tex. (July 
*47) 

Barton, Harry, 127 New Hyde Park Rd. 
Franklin Square, N.Y. (Dec. ’28) M 


| 


| 
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search Council, 96 Research Rd., Quar- 
ries, Ont. (Jan. ’42) 

Girand, James, Cons. Engr., 1622 Palm- 
croft Way, S.E., Phoenix, Ariz. (Jan. 

Gonzalves, J. J. Autunes, Ruo Carlos Jose 
Barreiros, 14-2nd, Lisbon, Portugal 
(Jan. 

Grieve, Robert M., Supt., Citizens Water 
Supply of Great Neck, 2918 Jordan St., 
Bayside, N.Y. (Apr. ’47) P 
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With a Dresser Repair Sleeve. 


On cast iron pipe, 4” to 8” in diam- 
eter, for splits, breaks or holes, use 
a Dresser Style 82 “Adjustable” Re- 
pair Sleeve. One man can make a 
permanent repair in a matter of 
minutes, using only a wrench. Sleeve 
is factory-assembled; no loose parts, 
no gaskets to cut and fit when sec- 
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onds count, no caulking. The spe- 
cially compounded Dresser gaskets 
afford a quick pack--a permanent 
seal. 

Note: The Dresser Style 82 Repair 
Sleeve also offers the most conveni- 
ent method for making a large tap 


off a small diameter main. 


With Dresser Couplings. For 
breaks too long to be repaired with 
a sleeve. use Dresser Style 38 Cou- 
plings. Cut out a section of the pipe 
where the break occurs. Fit the 
couplings onto pipe ends. Put a new 
section in place. Bolt up the cou- 
plings. That’s all there is to it. 
Dresser’s resilient rubber gaskets as- 
sure a permanently tight repair .. . 
and guard against recurrence of the 


break by absorbing stresses and 
strains in the line. 

Note: This same procedure can 
be followed for cutting a new line 
into an old one, for inserting a valve 
into a line and for solving similar 
problems. 

Factuat Liveratrure on 
how Dresser products can solve your 
water line repair and coupling prob- 
lems is yours for the asking. Write 
today. 


Dresser Manufacturing Division, 59 Fisher Ave., Bradford, Pa. 
1121 Rothwell St., Houston + In Canada: 629 Adelaide St., 
Sales offices: New York, Chicago, Houston, San Francisco 


In Texas: 


W., Toronto 


(One of the Dresser Industries) 
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Groff, Gilbert, Groff & Clark, Cons. 
Engrs., 3175 S. Commercial St., Salem, 
Ore. (July '46) P 


Harris, Stanford E., Supt., Dept. of Water 
& Sewerage, Winston Salem, N.C. (Jan. 
M 


Heiney, J. W., Asst. Div. Megr., Water 
Works Service Co., Inc., 1431 Ripley St., 
Davenport, Iowa (Oct. '46) 


Heller, Jesse E., 64 N. Chester St., 
Pasadena, Calif. (Jr. M. July ’48) 


Hoskin, Douglas G., 705-——6th St., Saska- 
toon, Sask. (Jr. M. Jan. '48) UP 


Ingram, William T., Assoc. Prof., Public 
Health Eng., New York Univ., Box 106, 
University Heights 53, N.Y. (July 


Jenkins, Joe E., 3245 Locke Lane, Hous- 
ton, Tex. (July '42) 

Jodaitis, Ladislaus T., U.S. Public Health 
Service, 69 W. Washington, Chicago, 
Ill. (July ’43) P 

Knodel, Adolph Robert, Assoc. Profes- 
sional Scientist, State Water Survey 
Div., Box 717, Peoria 1, Ill. (July '45) R 

Lanigan, Roy A., Acting Supt., Water 
Dept., Box 191, Burlingame, Calif. 
(Apr. '47) 

Leary, Charles J., 318 W. 3rd, Madison, 
Ind. (Oct. 


Lee, W. Howard, Lee Eng. Service, Box 
85, Denville, N.J. (Oct. ’40) 


Licht, Carl M., 1725 Wilson Ave., Chicago 
40, Ill. (Jan. '48) 

Liquid Conditioning Corp., 3130 N. 17th 
St., Philadelphia, Pa. (Assoc. M. Jan. 

Macomber, Ronald Gibbs, Acting State 
San. Engr., Delaware State Board of 
Health, 4329—4th St., S.E., Washing- 
ton, D.C. (Jan. ’48) 

Mayhew, N. R., Supt. of Water Opera- 
tions, 2800 Airport Way, Seattle 4, 
Wash. (Jan. ’46) MPR 


Murray, Walter, Engr., H. J. McFarland | 


Constr. Co., Ltd., Picton, Ont. (Jan. 
MPR 
Nova Scotia Board of Insurance Under- 
writers, W. Shakespeare, Megr., 50 
Sackville St., Halifax, N.S. (Corp. M. 
Oct. '40) 
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| Nutting, N. C., Gen. Supt. of Operations, 
| California Water Service Co., 374 W. 
Santa Clara St., San Jose, Calif. 
(Sept. 
Parker, Garald Gordon, U.S. Geological 
_ Survey, Water Resources Div., Wash- 
ington 25, D.C. (Jan. ’46) R 

Peterson, C. J., Town Mer., Town Hall, 
Wray, Colo. (July '46) PR 

Robertson, D. A., Jr., Asst. Ener., State 
Health Dept., 713 State Office Bldg., 
Richmond, Va. (Oct. ’48) 

Robinson, J. Albert M., Box 1185, 
Chicago 90, Ill. (Oct. '31) PR 

Sanders, John F., 915 St., Boonville, 
Mo. (Oct. '43) M 

Sieveka, Ernest H., Engr., Water Supply 
Branch, Research & Development Lab., 
Fort Belvoir, Va. (Apr. '42) 

Spier, William J., Water Supt., Pocatello, 
Idaho (Apr. '46) 

Stephan, Dean E., Mer., Los Angeles 
Office, Chicago Bridge & Iron Co., 612 
S. Flower, Los Angeles 14, Calif. (Apr. 
"45) 

Steward, W. R., Supt., Water & Sewer 
System, Searcy, Ark. (Jan. '42) 

Taylor, Robert L., Hydr. Engr., U.S. Geo- 
logical Survey, Sebring, Fla. (Jan. '45) 7? 

Thomas, George E., Clerk, Board of 
Public Affairs, 1 River St., Willoughby, 
Ohio (July '47) 

Thompson, Joseph, Rohm & Haas Co., 
Washington Sq, Philadelphia 5, Pa. 
(Jan. 


_ Tomlinson, Walter John, c/o E. F. Drew 


& Co., Ltd., 726 University Tower 
Bldg., Montreal 2, Que. (July '38) P 
Walton, Graham, Water & San. Investiga- 
tions, U.S. Public Health Service, 1014 
Broadway, Cincinnati 2, Ohio (Jan. 

41) P 

Ward, Sylvester E., Mer., Somerville 
Water Co., 9 Division St., Somerville, 
N. J. (Jan. ’43) MP 

Waring, William H., Staff Mer., Houston 
Dist., Transite Pipe Sec., Johns-Man- 
ville Sales Corp., Box 8217, Houston 4, 
Tex. (Jan. '42) 

Whitefield, Leonard F., Eng. & Develop- 
ment Div., Imperial Oil, Ltd., Sarnia, 
Ont. (Apr. '46) P 

Wood, Alan A., Alan A. Wood, Inc., 1649 

N. Broad St., Philadelphia 22, Pa. 

(Jan. '44) P 


| 
i 
| | 
a 
; 
| 


June 1949 


JOURNAL A.W.W.A. 


General Chemical ALUM" 


Industrial Wastes 


Throughout the process industries, scores 


of concerns have found General Chemical 


Aluminum Sulfate an effective, economi- 


cal means of solving their industrial 


waste treatment problems. 


Laundries, paper mills, dairies, textile 


mills, canning plants, oil wells and pack- 


ing houses across the nation report 


General Chemical “Alum” useful in puri- 


fying wastes; coagulating and settling 


suspended matter; reducing coloring 


matter, including many dyes. 


CUEMICLLS 


Offiecs: Albany 


Buffalo + Charlotte 


industry on chemical methods of clarify- 
ing water has given General Chemical ex- 
tensive experience in the treatment of 
sewage and waste waters. This broad 
knowledge may be of value to you as it 
has to so many others. 

Assistance of the company’s technical 
service specialists is available without 
obligation. For help on your industrial 
waste treatment problems, write or 


phone our nearest office today. 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


- Atlanta + Baltimore - Birmingham + Boston - Bridgeport 
Chicago Cleveland Denver + Detroit Houston 
Kansas City + Los Angeles + Minneapolis + New York + Philadelphia 
Pittsburgh +. Portland (Ore.) + Providence - San Francisco «+ Seattle 
St. Louis - Wenatchee and Yakima (Wash. ) 
In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 


In Canada: The Nichols Chemical Company, Limited 
Montreal + Toronto * Vancouver 


litty years of working with the water 
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STO 


This patented fish control method 
employs modern electronics in over- 
coming a serious operating and mainte- 
nance problem. Fish of all sizes are kept 
at a safe distance from intake structures, 
or screens, by the use of an Electronic 
Control Unit. This equipment, gener- 
ating special electrical impulses, ener- 
gizes an electrode system designed and 
engineered for your particular fish con- 
trol problem. 


The Burkey Electric Fish Screen has 
been thoroughly proven through years 
of service in Condensing Water Intakes, 
Hydroelectric Plants, Water Systems 
and Industrial Pumping Installations. 


DOES NOT STUN OR KILL FISH. 


Recommended by State Conservation O ffictals. 
Free literature and quotations upon request. 


Electric Fish Screen Co. 


1130 Ne. Poinsettia Piece, Hellyweod 46, Calif. 
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The QUEST for 
PURE WATER 


by 
M. N. BAKER 


Here, at long last, is a comprehen- 
sive history of water purification from the 
earliest records to the twentieth cen- 
tury, relived and recorded by M. N. 
Baker following his retirement as Asso- 
ciate Editor of “Engineering News- 
Record” in 1932. Here, as Abel Wol- 
man says in his foreword, is “an inex- 
haustible treasury of authenticated 
information,” which no student of water 
treatment can afford to miss. 


466 Text Pages 
73 Illustrations 
900 References 


$5.00 


Special Price to Mem- 
bers who send cash 
with order ...... $4.25 


Onder from 


American Water 
Works Association 
500 Fifth Avenue New York 18, N. Y. 
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TRAFFIC CONTROLS 


for San Diego 
water supply 


fitted with 


AND BRONZE 


Key parts of these 36” and 42” butterfly valves are made 
of Everdur and Bronze. Valves made by Coldwell-Wilcox 
Division of Krajewski-Pesant. Hydraulic Engineer for the 


city of San Diego: Fred D. Pyle. 
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D°* FROM the Alvarado Regulating Reservoir rushes the water supply 
for San Diego, California, under 100 Ib. pressure. Among the controls 
for this man-made underground river are these two butterfly valves, 36” and 
42” 1.D., which together weigh 16,000 Ib. 

Many vital parts of these valves are made of Everdur* Copper-Silicon 
Alloys to insure long, dependable service. The shafts (respectively 5” and 
51)” diam.) and seating rings in the body and in the disc are Everdur. The 
4g” seating rings are fastened with Everdur screws. The stuffing box fol- 
lowers are of bronze with Everdur bolts throughout. 


Why was Everdur chosen for this critical 
service? Because these famous alloys have 
proved thoroughly reliable in hundreds 
of water and sewage works applications. 
As a group, Everdur Alloys combine ex- 
cellent corrosion resistance with high ten- 
sile strength, high fatigue limit, and good 
workability by all methods, including 
welding. 

It pays to be familiar with the many 
ways in which you can take advantage of 
Everdur Alloys. For detailed information, 


write for Publications E-11 and E-5. 


*Reg. U.S. Pat. Off. 48184A 


COPPER-SILICON ALLOYS 
THE AMERICAN BRASS COMPANY 


General Offices: Waterbury 88, Connecticut 

Subsidiary of Anaconda Copper Mining Company 

In Canada: ANACONDA AMERICAN Brass LTD, 
New Toronto, Ont, 
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Vol. 41, No.6 


2, f, Fy Key: In the reference to the publication in which 
the abstracted article appears, 39:473 (May '47) 


indicates volume 39, page 473, issue dated May 1947. 


If the publication is paged by the issue, 39:5:1 (May '47) indicates volume 39, number 
5, page 1, issue dated May 1947. Abbreviations following an abstract indicate that it 
was taken, by permission, from one of the following periodicals: B.H.—Bulletin of 
Hygiene (Great Britain); C. A.—Chemical Abstracts; I. M.—Institute of Metals (Great 
Bricain); P.H.E.A.—Public Health Engineering Abstracts; W.P.R.—-Water Pollution 


Research (Great Britain). 


ADMINISTRATION 


Is Joint Administration of Water and 
Sewage Works Advisable? Wtr. & 
Sew. (Can.) 85:10:64 (Oct. '47); 85: 
11:27. (Nov. °47). Symposium at 
Convention of Can. Inst. on Sewage 
and Sanitation. L. G. McNEICE. 
Experience in Orilia, Ont., with 35-yr. 
joint operation of hydroelec. and 
water systems favorable. Advan- 
tages include: greater continuity of 
personnel and policy, closer attention 
to details, experienced businessmen 
more ready to serve on commissions 
than in municipal politics, greater 
freedom from politics, efficient opera- 
tion without temptation to divert 
funds for other purposes, and com- 
mission more ready to engage and act 
upon competent engineering advice. 
W. M. VeritcH. Separate admin. of 
water and sewerage systems more 
efficient and economical in London, 
Ont. Sewage disposal under juris- 
diction of city engineer, along with 
other nonprofit services; hydroelec. 
and water systems and parks under 
public utilities commission, all reve- 
nue-producing. Latter three dove- 
tail; power required for pump opera- 
tion, and water system lands are 
public parks. Author, however, 
favors joint billing, with charge for 
sewage disposal as separate item but 
levied with water bill. Opening of 
streets for repairs is one disadvantage 
of separate admin. Joint admin. 
may be necessary for municipalities 
of about 10,000 pop. WILLIAM 
Davipson. Joint admin. superior for 
municipalities of 10,000 pop. or under. 


(Continued on page 44) 


Separate admin. would involve du- 
plication of personnel, equipment and 
service buildings. In Whitby, Ont., 
pop. 4500, joint control satisfactory. 
F. N. McCattum. Continuity of 
service in city councils often as long 
as on commissions. Policy of com- 
mission, as well as that of council, may 
be consistently bad. Political inter- 
ference can be avoided by strict deti- 
nition of authority responsibili- 
ties of department head. No reason 
why utility surplus, after providing 
for maintenance, obsolescence, etc., 
should not be used for maintenance of 
other public property. Large in- 
dustries have as great variety of 
activities and problems as munici- 
palities but administered by 1 board 
of directors. Multiplicity of boards 
and commissions undesirable— 
integration needed, not separation. 
City councils should recover powers 
lost, not delegate more to commis- 
sions.—R. E. Thompson. 


Planning Municipal Public Utilities. 
R. DEL FRENCH. Eng. Cont. Rec. 
(Can.) 60:12:61 (Dec. '47).  Intelli- 
gent planning will avoid inconveni- 
ence and expense but cannot provide 
for all contingencies. Back-of-lot lo- 
cation of utility lines in ‘‘utility 
strip’ owned by municipality or by 
easement or servitude along rear of 
lots avoids pavement breakage for 
repairs, traffic interruption, etc., but 
necessitates longer service lines and 
hydrant connections. Adequate loca- 
tion records essential.—R. E. Thomp- 
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Total Capacity 


of De Laval Pumps 
in the City of Chicago...1,300,000,000 Gallons Daily 


In the year 1920, the City of Chicago in- 
stalled its first turbine-driven centrifugal 
pum p—a unit of 60 mgd capacity in the 
Central Park Station. The performance, 
trouble-free operation, economy and 
flexibility of this unit proved to be so 
satisfactory that additional De Laval 
turbine-driven pumps were installed 
in rapid succession. 
1 Today, the City of Chicago is 
gs served by a total of 16 De Laval 
{ turbine-driven pumps and 5 De 
Laval motor-driven pumps hav- 


ing a total capacity of one billion, 
DE LAVA three hundred million gallons 
daily. 


» 


ww7 Send for Catalog 10-7-JA 


DE LAVAL STEAM TURBINE CO., TRENTON 2, N. J. 


TURBINES « HELICAL GEARS « CENTRIFUGAL BLOWERS AND COMPRESSORS 
CENTRIFUGAL PUMPS « WORM GEAR SPEED REDUCERS e¢ IMO OIL PUMPS 
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HELLIGE 
COMPARATORS 


TESTS 
nothing Like 
NONTADING 


GLASS COLOR 
STANDARDS 


Hellige Glass Color 
Standards are safely 
mounted in unbreak- 
able plastic frames. 
They are more 
convenient and eco- 
nomical. They never 
fade or change, 
THEY NEVER FAIL. 


Pocket 
Comparator 
No. 605 


WRITE FOR BULLETIN No. 602 


HELLIGE 


INCORPORATED 
3718 NORTHERN BLVD. LONG ISLAND CITY 1, N.Y. 


HEADQUARTERS FOR COLORIMETRIC APPARATUS 


CONDENSATION Vol. 41, No.6 


(Continued from page 42) 


Restricted Water Supplies. C. W. 
Cassk. Wtr. & Wtr. Eng. (Gt. Br.) 
51:413 (Sept. '48). When designing 
water works, basic problem to settle 
is avg. and max. daily demand. 
Answer not possible in many parts of 
world. Detailed anal. of available 
consumption statistics necessary. 
Why, for instance, is avg. consumption 
per head for many small places in 
Scotland higher than for Metropolitan 
Water Board area? Accurate statis- 
tical consumption details under fol- 
lowing headings required: [1] do- 
mestic supplies—house service, wash- 
ing and drinking; garden watering; 
garage and miscellaneous use; [2] 
nondomestic supplies-—bulk supplies 
to factories; metered supplies to small 
traders; offices and institutions; road 
watering; drain flushing; fire; swim- 
ming pools and miscellaneous. Some 
factors which influence water con- 
sumption are: degree of control of in- 
visible and visible waste by water 
authority, control of distr. pressure, 
method of supplying customers (i.e., 
directly from mains or through house 
cisterns), daily hours of supply, cost 
of water, habits of populace, and 
nature of water service facilities— 
whether standpost supply only or 
compulsory connection to every dwell- 
ing, avg. no. of taps per dwelling, no. 
of baths and showers and no. of 
garden taps or taps outside dwellings. 
Perhaps in near future, if not at pres- 
ent, halt will have to be called to un- 
restricted public use of water supplies. 
To suit conditions, cost of water would 
receive prior attention. Restriction 
would almost inevitably mean general 
metering. In tropical, nonwestern- 
ized country with continuous, full- 
pressure supply and connection to 
every dwelling, nonrestricted water 
supply demand would be almost in- 
finite. Surprising that consumption 
so low in western countries. In any 
water works, continuous pressure 
should be sine qua non. Control of 
supply has been solved at Mombasa 


(Continued on page 46) 
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a dependable answer to the problem 
of protecting Water Pipelines 


Barrett* Waterworks Enamels are manufactured 
specifically to meet the requirements of the water 
industries: 

Barrett Waterworks Enamels neither flow nor sag in 
temperatures as high as 160°F; nor do they crack in 
temperatures as low as 20° below zero. 


Barrett Waterworks Enamels possess sufficient 
flexibility to withstand ‘“‘breathing”’ of the pipe and 
defiectional stresses caused by loading of the back-fill. 
Barrett Waterworks Enamels, when used for lining, 
prevent tuberculation or incrustation. Hazen-Williams 
““C”’ averages 150. The line capacity is sustained, and 
power requirements remain uniform. 

Barrett Waterworks Enamels assure a firmer bond at 
the interfaces of steel, primer, and enamel—a 


THE BARRETT DIVISION characteristic of well recognized importance to the 
ALLIED CHEMICAL & DYE CORPORATION ter industry. 

40 Rector Street, New York 6, N.Y The Barrett organization will be glad to advise on 
? Sinai materials and on application procedures, and to consult 
#Reg. U. S. Pat. Off. with you on any pipe-coating problem. 
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and other places in East Africa. All 
house connections metered. Native 
and Indian public supplied from 
standposts operated by ‘‘turncocks”’ 
at specified times of day. General 
metering demands strict administra- 
tion, not always experienced. It does 
not appear logical soln. for some 
countries of East to adopt definite 
restrictive measures. At Cawnpore, 
in ’38, area of supply divided into 
zones supplied by means of low-pres- 
sure mains delivering definite amt. of 
water into storage reservoirs at ground 
level. Automatically controlled 
pumps drew water reservoirs 
and pumped it into zone supply 
mains at pressures which varied ac- 
cording to time of day and level of 
water in storage reservoirs. System 
worked all right up to point but did 
not prevent those near boosting sta- 
tions from using excessive water. 


(Continued from page 44) 
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Consumption figure assumed by mu- 
nicipality found to be totally 
inadequate. Conclusion is that not 
only in, eastern countries, but also in 
western, principal of restricted supply 


soon 


and more general use of meters on 
domestic connections will have to be 
adopted.—//. Babbitt. 


Waste Water Inspectors of the Future. 
ARTHUR GILBERT. Wtr. & Wtr. Eng. 
(Gt. Br.), 51:480 (Oct. '48). Water 
works industry in danger of becoming 
home for dullards, misfits and riffraff 
seeking safe jobs. Lack of competi- 
tion has been quoted as probable 
cause but equal factor is sometimes 
lack of interest on part of those re- 
sponsible for candidates. 
Dav is gone when duties of waste 
inspectors began and ended with 
listening for possible sound of leakage. 
Inspectors now called on to 


selecting 


solve 


(Continued on page 48) 


ANTHRAFILT 


(Reg. U.S. Pat. Off.) 
As a Modern Filter Medium Has Outstanding 
Advantages Over Sand & Quartz Media 


1. Length of filter runs doubled 
2. Only about one half as much wash water required 
3. Less coating, caking or balling with mud, lime, iron 


or manganese 
4. 


5. Better removal of bacteria, micro-organic matter, 
taste and odor 

6. Increased filter output with better quality effluent 

: oa just the top portion, but the entire bed aids in 


media 
9. A perfect supporting media for synthetic resins 
10. An ideal filter media for industrial acid & alkaline 
solutions 
1. Decidedly advantageous for removal of fibrous 
material as found in swimming pool filters 
Additional information, recommendations 
and quotations furnished upon request by 
Palmer Filter Equipment Company 


822 East 8th Street. P.O. Box 1655 
Erie, Pennsylvania 


representing 
Anthracite Equipment Corporation 


Anthracite Institute Building, 
Wilkes-Barre, Pennsylvania 


3 Money, Time and Labor 
Saving Features of 


UNIVERSAL’ 


CAST IRON PIPE 


LAID WITH ONLY WRENCHES 


NO CAULKING MATERIALS 


NO GASKETS. NO BELL 
HOLES TO DIG. 


*REG. U.S. PAT. OFF, 


For water supply, fire protection systems, 
sewage disposal systems, industrial, and irri- 
gation. Flexible. 

THE CENTRAL FOUNDRY COMPANY 

386 FOURTH AVENUE, NEW YORK 16,N. Y. 
Gentlemen: Send us infermation and catalog 
on UNIVERSAL CAST IRON PIPE. 
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| FREE LABORATORY SERVICE... SEND FOR THIS | 
| WATER CONDITIONING | 


Get our Woter Analysis Sheet, then 
fill in and return it with a somple. 
You will receive our laboratory analy- 
sis and report promptly. A valuable 
INFILCO CHEMICAL CALCULATOR 
slide rule sent FREE to all who re- 
turn it, There's no cost or obligation. 


WORLD'S LEADING MANUFACTURERS OF WATER CONDITIONING AND WASTE TREATING EQUIPMENT 


you can Fed by Chemicals w with Greate 


Install the Sturdy, Compact 


TYPE E4 


Dry Chemical Feeder 


NFILCO’S new TYPE E4 Feeder 
brings a new, high degree of 
sustained accuracy and efficiency to 
the feeding of dry chemicals. It rep- 
resents more than 25 years of con- 
stant development and perfection . . 
25 years of experience in the design 
and manufacture of Chemical Feed- 
ing Equipment for water purification 
and sewage or waste treatment oper- 
ations. You can expect the “*E4" to 
feed many millions of pounds of 
chemicals with wnvaryimg accuracy 
and a minimum of upkeep cost. Ad- 
justing the feed rate is a quick, easy 
job. Simple, sturdy and compact, 
this better Feeder will give depend- 
able, dust-free service for years. Made 
for either constant rate or automatic 
proportional feed operation. May 
we send you complete information? 


AT THE A.W.W.A. CONVENTION.. 


See a demonstration of the many superior 
advantages of the new TYPE E4 Dry Chem- 
icol Feeder in BOOTH NO. 32 of the 
A.W.W.A, Convention — Stevens Hotel, 
Chicago, May 29th to June 3rd. 


BETTER WATER CONDITIONING 
AND WASTE TREATMENT SINCE 
1894 
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The Old Way 


The New Way 
to locate pipe 
with the 


M-SCOPE 


... the instrument that takes every bit of guess 
work out of locating buried pipe, valves, boxes, 
service stubs, etc. Write for bulletin No. 6. 


JOSEPH G. POLLARD CO., Ine. 
PIPE LINE EQUIPMENT 


New Hyde Park, N. Y. 
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(Continued from page 46) 


problems of varying complexity and 
deal with consumers of higher general 
std. of intelligence. Inspector of 
today, and more so of tomorrow, must 
be intelligent, with real interest in 
job. Inspector of future will be 
required to know something of hy- 
draulics, mathematics, chemistry and 


| theory and practice of waste detection. 


Various water systems have instituted 
training schemes. Their inspectors 
are expected to pass examns. and are 
paid according to results thereof. 
Eventually no candidate for these 
posts will be able to get worth-while 
job without having necessary quali- 
fications.—H]/. Babbitt. 


A Study of Repetition of Accidents. 
D. ARCHIBALD & J. W. WHITFIELD. 
Brit. J. Ind. Med. (Gt. Br.) 4:2:107 
(Apr. °47). Statistical anal. of per- 


_sonal accident records has already 


shown that, among group of workers 


| exposed to same risk of accident, 


| frequency actually observed. 


“accident-prone”’ minority will suffer 
more accidents than reasonably ex- 
pected on purely chance basis. Pres- 
ent study deals with distr. of accident 
injuries classified by operation en- 
gaged in at that time, part of body 
affected and nature of injury incurred. 
Sickness records for individuals differ- 
ently occupied in royal ordnance 
factory (eng.) analyzed to compare 
frequency expected on chance basis of 
individual sustaining 2 or more ac- 
cidents either in same operation, to 
same site, or of same nature, with 
From 
results of anal. authors deduce that 
individuals who have more than 1 ac- 
cident are more likely to have acci- 
dents of same type—e.g., same part 
of body being involved—than might 
be reasonably expected from risks of 
their occupation. This may be for 
one or more possible reasons: they 
may tend to have accidents at same 
operation of their work; they may 
tend primarily to injure same part of 
body; or they may tend to report one 
(Continued on page 50) 
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Of course not! Thanks to you as a water- 
works engineer or official, both home 
and industry get plenty of water at rea- 
sonable cost. And here is something 
that will help in your efforts to gain 
even greater economy and efficiency. 

Armco Welded Steel Pipe brings sav- 
ings all along the line. Diameters range 
from 6 to 36 inches; wall thicknesses 
from 9/64- to 1/2-inch. You specify 


-ARMCO WELDED 


JOURNAL A.W.W.A. 


exactly what you need without excess 
weight or material. Long lengths, up to 
50 feet, mean fewer joints, less assem- 
bly work. Tight joints are assured with 
standard couplings or field welding. 
There is less chance for wasteful leaks. 
A spun-enamel lining prevents tuber- 
culation and stops costly cleaning. You 
get continued high flow capacity. Pump- 
ing costs are less. 

Use Armco Pipe with confidence for 
water supply and force mains. It is safe 
against internal and external pressures. 
There is no explosive bursting due to vi- 
bration or sudden overload. A wide va- 
riety of protective coatings is available 
to meet specific service conditions. 
Write for complete data. Armco Drain- 
age & Metal Products, Inc., 525 Curtis 
Street, Middletown, Ohio. 


STEEL PIPE 


MEETS A.W.W.A. SPECIFICATIONS 
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type of injury, e.g., burns, rather more 
frequently than others. Expected 
frequencies based on each of these 3 
hypotheses compared with actual 
observations, and x* test shows that 
none of 3 gives satisfactory fit. It 
may be, however, that experience 
with longer exposures larger 
numbers in more homogeneous groups 
would demonstrate closer agreement, 
particularly with hypothesis that cer- 
tain machine operations unusually 
hazardous for particular individuals. 
If this were so, then operations par- 
ticularly likely to cause injury to any 
one individual could be recognized, 
and his training modified to elim. 
personal manipulative habits which 
made him thus susceptible —B.//. 


Proceedings of the Tenth Annual 
Short Course for Water and Sewerage 
Plant Superintendents and Operators, 


(Continued from page 18) 
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1947. La. State Univ. Eng. Expt. 
Sta. Bul. Series No. 11 (1948). The 
Occurrence of Ground Water in Lou- 
isiana. P. H. JoNEs (p. 7). Of 219 
municipal water supplies, 190 from 
wells, their total avg. consumption 
being over 50 mgd. Geologic prin- 
ciples underlying occurrence of ground 
water and general geology of Louisiana 
explained. State may be divided into 
6 zones when describing geologic 
origin and characteristics of ground 
water. These are mapped, and ge- 
ologic cross sections shown of well 
fields near Alexandria and Natchi- 
toches. Automatic Electric Control 
for Small- and Medium-Size Water 
Works Plants. F. E. DuNHAM (p. 
15.) Automatic control of small 
plants permits operation with only 
one man in attendance, who also 
reads meters, collects bills and main- 
tains equipment; frequent checks of 


(Continued on page 52) 


SPARLING MAIN-LINE METERS 


ACCURACY 


Accuracy is guarantced over a wide rated range 
of flows and there is PRACTICALLY NO PRES- 
SURE LOSS. 


Sparling Meters come in many sizes and styles in 


Guaranteed Within Flanged, Bell & Spigot and Threaded Tubes, and 


2 Per Cent 


with Saddles to be mounted on the pipe itself. 
Sparling COMPOUNDS assure accurate measure- 


s ment of flows ranging as wide as 1 to 125, 


Guesswork costs money! 
You KNOW how much 
water passes througha main 
line by reading the totalizer 
mounted right on your 
Sparling meterhead—easily 
installed at a modest cost! 


Quotations and 
Bulletin 310 
come at your 

request 


| 
| 


Box 3277 Terminal Annex 
1500 S. Western Ave......... 
101 Park Avenue. NEW YORK 17 


Mensunine Equipment 622 Broadway............. ..... CINCINNATI 2 
r 1932 First Avenue SEATTLE 1 
e DALLAS 1 
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The City of Manhattan, Kan., installed the 1,250,000-gal. welded reser- 
voir shown above in the western section of its water system. The 
elevation of the base of the reservoir is about 130 ft. above the ground 
level at the pumping plant, and even higher above the southeastern por- 
tion of the city. This enables it to maintain gravity pressure in the entire 
system and to help the pumps meet heavy demands at peak load periods. 
Write our nearest office for quotations on steel reservoirs or spheroidal, 
radial-cone and ellipsoidal-bottom elevated water tanks. 


CHICAGO BRIDGE & IRON COMPANY 


BIRMINGHAM CHICAGO TULSA BOSTON SALT LAKE CITY 
PHILADELPHIA NEW YORK DETROIT SEATTLE CLEVELAND 
SAN FRANCISCO HOUSTON ATLANTA HAVANA LOS ANGELES 
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FOR 
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CONDITIONING 


"SOLVAY Liquid Chlorine 


SOLVAY SALES DIVISION 


ALLIEO CHEMICAL & by N 


40 Rector Street, New York 6, N. Y. 


BRANCH SALES OFFICES: 

Boston ¢ Charlotte * Chicago ¢ Cincinnati 

Cleveland ¢ Detroit * Houston ¢ New Orleans 
New York ¢ Philadelphia Pittsburgh 

St. Louis © Syracuse 
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(Continued from page 50) 
equipment made several times daily 
without interfering with other activi- 
ties. Details described for controlling 
well pumps, service pumps, chemical 
feeders and small filter plants. Con- 
trol of Upflow Type Sedimentation 
Basins. WINTERS (p. 29). 
Difficulties encountered at New Iberia 
include: controlling height and density 
of sludge, development of tastes un- 
less basins cleaned frequently, fluctu- 
ations in chlorine residual and aversion 
to overload. Raw water containing 
3 ppm. of iron is lime-softened in 
2.5-mgd. precipitator without further 
coagulant. pH drop across coated 
sand filters varies from zero to 0.1 at 
or near pH 9.4. Avg. hardness of 
final effluent is 10 ppm. below that 
with old sedimentation tank. Tur- 
bidity of precipitator effluent was re- 
duced by flushing back blowoff piping 
only before sludge blowoff, to avoid 
disturbance caused by separating 
these processes. Chlorine dosage, fol- 
lowing aeration, has increased over 
that for old sedimentation tank due 
to demand in sludge and turbidity of 
effluent. Best operation is found 
when sludge consistency between 1.0 
and 1:6°% and height of sludge layer 
kept 72”. below water surface. Use 
of Flames in Disinfecting Reservoirs. 
ROBERT L. MARTIN (p. 38). Nema- 
todes, thought to enter screened 
reservoir through numerous cracks in 
concrete roof once covered with 
earth, resisted heavy treatment with 
copper sulfate and chlorine solutions. 
Position of overflow line prevented 
flooding of ceiling. Flames from nat- 
ural gas torches passed slowly enough 
over ceiling and walls to permit heat- 
ing of concrete. Connections for 
torches provided every 25’ along 
reservoir. Flaming reported success- 
ful also in eliminating chironomous 
larvae at Church Point and isopod at 
White Castle reservoirs. Chlorine, 
Chloramines and Ozone: A Compari- 
son. J. A. K. vAN HassELtT (p. 43). 
Popularity of chlorine over ozone due 

(Continued on page 54) 


| 
as 
» 
| 
often! 4 
| SOLVAY Soda Ash 
| 
purification 
‘ 
wate! technical Service 
fo ...Call SOLVAY 
| 
| 


This 
Detector 
Meter 


MADE ONLY BY 


HERSEY 


has never been 
surpassed for 
dependability, 
accuracy and low 
maintenance cost 


HERSEY 
MANUFACTURING 
COMPANY 


SOUTH BOSTON 
MASS. 


‘ 
: 


to relative cheapness and availability 
in readily usable form for feeding from 
equipment that is inexpensive in 
comparison. Ozone residual is not 
so stable, hence cannot be used for 
action out in distribution system. 
Effect of ozone remains same from 1 
to 4 ppm. It can be breathed with- 
out discomfort. Unlike chlorine, vari- 
ation in pH does not affect killing 
time. Like free chlorine, ozone in- 
activates polio virus. Like chlorine 
dioxide, ozone removes phenolic tastes. 
Alone, or in combination with chlorine, 
ozone is valuable tool for taste and 
odor control. Ozone residuals are 
read with ortho-tolidine, starch iodide, 
or Eastman’s tetra base paper. Dif- 
ferential test for ozone when present 
with chlorine is liberation of both 
iodine and rosolic acid from special 
double-impregnated test paper. At 
present 3 companies in U.S. make 
ozonators, described in some detail.— 


A. A. Hirsch. 


OTHER ARTICLES NOTED 


Recent articles of interest, appearing in 
American periodicals not abstracted, are 
listed below. 


An Inverted Siphon for the Assabet 
River Crossing of the Wachusett 
Aqueduct. STANLEY M. Dore. J. 
N.E.W.W.A., 63:1:1 (Mar. '49). 


Production of 84-Inch Prestressed 
Concrete Pressure Pipe for City of 
Montreal. R.M. Dour. J.N.E.W. 
W. A., 63:1:29 (Mar. °49). 


Ten New Swimming Pools in Los 
Angeles Expanded Recreation Pro- 
gram. C. P. L. NICHOLLS. Western 
City, 25:4:26 (Apr. ’49). 


Fluoridation as Practiced at Madison, 
Wis. L. A. Smitu. Wtr. & Sew. Wks., 
96:4:125 (Apr. *49). 


The Chemistry of Water Treatment, 
Part 4. A. P. Brack. Wer. & Sew. 
Wks., 96:4:133 (Apr. '49). 
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Problems in 
ARTHUR 
Am. 


Health 
Nuclear Fission Operations. 
E. GORMAN & ABEL WOLMAN, 
J. Pub. Health, 39:4:443 (Apr. °49). 


Some Public 


Water Pollution—A Policy and Pro- 
gram for Control. Maryland Water 
Pollution Control Com., Baltimore, 


Md. (Jan. °49). 


Factors Influencing Self-purification 
and Their Relation to Pollution 
Abatement. II. Sludge Deposits and 
Drought Probabilities. C. J. VEwz. 
Sew. Wks. J., 21:2:309 (Mar. '49), 


Modern Concepts Applied to Concrete 
Aggregate. R. F. BLANnks. Proc. 
A.S.C.E., 75:4:441 (Apr. °49). 


Control of the Hydraulic Jump by 
Sills. JoHN W. ForsTER & RAYMOND 
A. SERINDE. Proc. A.S.C.E., 75:4: 
469 (Apr. '49). 


Corrosion Prevention. 


Pub. Wks., 80:4:33 


Essentials in 
E. B. Robie. 
(Apr. *49), 


Threshold 


J.N. 


Corrosion Control by 
Treatment. JOHN H. WHITE. 
E.W.W.A., 63:1:96 (Mar. 


Effect of Various Aqueous Solutions 
Upon the Reactions at Pure Iron 
Anodes and Cathodes—Part I. W. 
W. KITTELBERGER & A. C. ELM. 
Corr., 5:4:101 (Apr. °49). 


Seismic Reconnaissance for Ground 
Water Development. DANIEL LINE- 
HAN & ScoTT KEITH. J.N.E.W.W.A., 
63:1:76 (Mar. °49). 


Watershed Inspections in Connecticut 
Including Problems of Housing Devel- 
opments. FREDERICK A. ALM- 
Quist. J.N.E.W.W.A., 63:21:57 (Mar. 
"49). 


Insurance Problems of Water Works 
Companies. CHARLES C. GooprIcH. 
J.N.E.W.W.A., 63:1:45 (Mar. '49). 
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FOR FULLY AUTOMATIC CONTROL OF 
ALL WATER TREATMENT PROCESSES 


EXPERIENCE COUNTS 


Belco engineers are thorough- 
Panel designed for 
cae experienced in all phases 
trol of Belco Softener, of completely automatic water 


Alkalinity Remover 
ond Deceratorin treatments. By applying this 
large process industry. 
wide experience to your pro- 
cesses you can avoid the losses 
that result from outdated 
control — you can reap the 
savings that result from mod- 
ern simplified automatic Belco 
control. Experience counts 
. . « Belco has, for example, 
Eleven clterncte the advantage gained through 
process cycles are igh ildi 
designing and building the 
with this unit. rele world’s largest fully auto- 
oe matic demineralization and 
silica removal plant. 


MODERNIZATION OF EXISTING PLANTS 
RESULTS IN LARGE OPERATING SAVINGS 


Ask a Belco engineer how modernization might effect substantial savings 
in your present operations. Ask about the application of the Belco 
automatic controls to other processes in your plant. 


BELCO INDUSTRIAL EQUIPMENT DIVISION, INC. 
50 1OWA AVENUE PATERSON 3, N. J. 


Midwest: Deady Chemical Co., Kansas City, Mo. © Southwest: Watermasters, Inc., Houston, Tex. 
Pacific: Deady Chemical Co., Los Angeles, Cal. 
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(Continued from page 20) 


New York State’s pollution control bill became law on April 20 
when the measure, the outcome of a three-year study by a special legis- 
lative committee, obtained Governor Dewey's signature. The law estab- 
lishes a board which will classify the waters of the state according to 
quality and purity; issue orders prohibiting discharge of wastes into 
watercourses; encourage the drawing of plans to prevent pollution; and 
prepare a comprehensive pollution control plan. The board is composed 
of the state commissioners of health, conservation, agriculture and markets, 
commerce and the superintendent of public works. 


H. Lloyd Nelson, [astern Sales Manager of the U.S. Pipe & 
Foundry Co., has been granted a leave of absence to serve as President 
and General Operating Manager of the Pontusco Corp. and the Pontusco 
Corp. of Cuba. These organizations, formed in 1946 to manufacture 
concrete pipe and associated products in North, Central and portions of 
South America, are jointly owned by U.S. Pipe & Foundry Co. and the 
Compagnie de Pont-a-Mousson of Nancy, France. Nelson, a graduate 
civil engineer, has been with U.S. Pipe and Foundry Co. in’ various 


capacities for 25 years. 


(Continued on page 38) 


KLETT SUMMERSON 
ELECTRIC PHOTOMETER 


Adaptable for Use in Water 
Analysis 

Can be used for any de- 

termination in which color 

or turbidity can be devel- 

oped in proportion to sub- 

stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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New Tulsa-Spavinaw Water Line _ 


Uses 48% Miles of CONCRETE PIPE 


NEW Tulsa-Spavinaw water 

line, extending northeast from 
Tulsa to Spavinaw Creek, will use 
4812 miles of 72-in. and 66-in. con- 
crete pipe. It will be capable of 
delivering 40 mgd. 


Twenty-five years ago Tulsa built 
a 25 mgd. water line to Spavinaw 
Creek, using 54-in. and 60-in. con- 
crete pipe. The satisfactory experi- 
ence with concrete pipe was an im- 
portant factor in drawing up the 
present specifications for a second 
line to parallel the first one. 


PORTLAND CEMENT ASSOCIATION 


Whether for a major water line 
or a small local job concrete pipe 
offers strength, long life and econ- 
omy. It has no tuberculation and 
far less incrustation to impair hy- 
draulic efficiency. Its dense struc- 
ture and joints which can be made 
watertight prevent leakage. 


Concrete pipe water lines are 
clean and stay clean—thus minimiz- 
ing taste, odor and dirty water diffi- 
culties. They not only meet every 
operating requirement but provide 
low-annual-cost service as well. 


A national organization to improve and extend the uses of portland Faat 33 W. Grand Ave. 


and concrete through scientific research and engineering field work 


Chicago 10, Ill. 
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(Continued from page 56) 

“Uniform System of Accounts for Sewer Utilities” is a tentative 
Manual of Practice just published by the Federation of Sewage Works 
Assns., and designed to be intelligible even to those unfamiliar with account- 
ing. Introductory chapters explain fundamental concepts and their appli- 
cations to sewer utilities, while the remainder of the book is devoted to 
systems of accounts and explanatory appendixes, including the very useful 
21-page glossary of accounting terms. The 117-page manual is an adapta- 
tion of the A.W.W.A~M.F.O.A. Manual of Water Works Accounting, and 
therefore also conforms to the general system developed by the National 
Assn. of Railroad and Utilities Commissioners. Copies, priced at $5, are 
available from the Federation at 325 Hlinois Bldg., Champaign, Il. 


The growing interest in fluoridation is only one among many mani- 
festations of the current campaign to conserve our molars. What with 
chemical seals, ammoniated toothpowders, brushless toothbrushes and such 
substances as the acid-retardant recently isolated from human saliva, we 
appear well on our way to ending decay. And that it is high time, too, has 
been all too dramatically proved by a gadget called the “gnathodynamom- 
eter,” recently developed by members of the Tufts College faculty and 


(Continued on page 60) 


Actual Users—THE BEST PROOF OF ALL— 
Prove our claims that Everson SterElatorS are 
: DEPENDABLE - SAFE - EFFICIENT 
Easy to operate at LOW MAINTENANCE COST. 
Everson SterElatorS METER-MIX-FEED Chlorine 
accurately for all water SterElizinG requirements. 


Furnished f ual tomati ion. 

CARSON CLAMPS Everon utilise «high 
7 The indicating FLOW METERS have a 10 to | ratio. 
Stop Joint Leakage nd for list of installations. 


company | | 


1221 Pinson Street 


_ | EVERSON MANUFACTURING CORPORATION 
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METER READER 


Save hours of meter reading time and get more de- 
pendable readings by bringing your meters UP with 
Ford Resetters. 


These handy, easy to install, settings are made to 
raise meters from 6” to 30” or more above the old 
position. Meters are then cleaner and far more 


FORD RESETTERS 


accessible. 


Send now for details and 
complete new Ford cata- 
log No. 50—FREE 


THE FORD METER BOX COMPANY, INC. t ORD 
FOR BETTER WATER SERVICES & 


Wabash, Indiana 
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(Continued from page 38) 
displayed at last month’s Boston convention of the Massachusetts Dental 
Society. 

Registering bite pressure visually through a cathode ray oscilloscope 
and, independently, on a needle gage, this new chew gewgaw has already 
demonstrated that the normal mouthful of natural gnashers can exert a 
pressure up to 250 psi., whereas the average jawful of falsies can do no 
better than a puny 30 psi. And, although this latter bite has been proved 
adequate to manage such gnaw-numbers as apples, requiring up to 20 pst., 
and steak or peanuts, at 12 psi., the conscientious gnathodynamometrists 
have observed that most synteethics steer clear of the roughage they need. 
Thus, they're busy now devising de luxe dentures equipped with steel cutting 
edges. 

The trouble is, of course, that just as soon as these new hollow-ground 
grinders become available, people are going to be dissatisfied with nature’s 
own dull tools. And then instead of conservation, we'll be campaigning for 
*Replacement—Not Substitution.” How much help such tales as that of 
the Indianapolis woman who recently reported to the city board of health 
that her dentist had removed her false teeth and refused to return them 
because she was behind in her payments will be depends entirely upon the 
future economic picture. But, expecting it to be bright, we may well now 
forget fluoridation and begin treating our water to make it rust- and 
corrosion-proof, 


Modern Sanitation is the title of a new monthly magazine of in- 
dustrial and institutional sanitation. On the editorial board are such 
familiar names as William T. Ingram, W. L. Mallman and Sol Pincus. 
The avowed purpose is to stimulate interest and further the scope of sani- 
tation practice in institutions and factories, where progress has been con- 
fined to a minority of alert organizations. Subscriptions, at $2.00. the 
year, from the publication offices, located at 858 Avenue of the Americas, 
New York 1. 


(Continued on page 62) 


Filter Sand and Gravel Survival and Retirement 
Experience With Water Works 
WELL WASHED AND CAREFULLY Facilities 

VO AT Containing vital information on the actual 
anaes SHIPMENT IN BULK life of mains, valves, meters, services and 
IN BAGS OF 100 LB. EACH. other — in 26 rw ad with 56 
pages of summary tables that condense the 

Inquiries Solicited. data for easier interpretation. 
Northern Gravel Co. 
P. O. Box 307, Muscatine, lowa | | American Water Works Association 
| | 500 Fifth Avenue New York 18, N. Y. 
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(MASTER 


WATER TIGHT 
WATER PIPE JONES 


HYDRAULIC 


TESTED FOR 
OVER 30 YEARS 


For more than thirty years water works superin- 
tendents have been using Hydro-tite for joining 
bell and spigot pipe. They have found that this self- 
caulking, self-sealing compound costs less to buy, 
requires less labor, makes tighter joints and with- 
stands the effects of time, strain and vibration. Send 
for data book and sample. 


Always use Fibrex, the bacteria-free packing for 
pipe joints. Send for sample. 


HYDRAULIC DEVELOPMENT 


‘Main Sales Office: 50 Church St., New York, N.Y. 
Works: West Medford Station, Boston, ‘Mass. 
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(Continued from page 60) 

Water bids fair to replace the elephant. Now that a series of 
experiments by Dr. N. E. Dorsey of the National Bureau of Standards 
has definitely proved not only that water can learn and understand,. but 
that it has a “very long memory,” there is obviously no longer reason to 
perpetuate the scientifically fallacious maxim which has made the elephant 
our symbol of rememberability. Soon, too, we will no longer accuse each 
other of having 


‘water on the brain,” but render a compliment in so saying. 

Announcement of this new concept was made at a recent meeting of 
the Southern Society of Philosophy and Psychology by Dr. H. M. Johnson, 
Tulane University psychologist, who described Dorsey's procedure of 
experimenting with samples of pure water hermetically sealed in clean glass 
tubes. By alternately freezing and thawing these samples, Dorsey found 
that they soon adjusted themselves to freeze at lower temperatures, differ- 
ing among individual samples 


the aptest freezing at a temperature close 
to zero Fahrenheit and the dullest some 20 degrees above that. Continu- 
ing his experiments over a period of 20 years, Dorsey was able also to estab- 
lish the fact that once the samples learned these lower freezing temperatures 
they did not forget them regardless of the lapse of time between freezings. 
Acknowledging that scientists have long known that non-living systems can 
learn and remember, Johnson pointed out that that ability had always 
been considered so slight as to be insignificant. The Dorsey discovery of 
course changed this, so that Dr. Johnson was willing to state that water 
understood its task and, even as you and I, behaved according to its past 
experience. 

To water works men, who have always been careful, if not solicitous, 
in their treatment of water, this revelation need of course cause no great 
alarm. They may well, however, take into their future consideration the 
personality of each portion, suggested by the apparent rugged individualism 
of Dorsey’s samples. And if utility men themselves do not soon adopt 
this new appreciation of water's intellect—perhaps even emotions—certainly 
our leading manufacturers of treatment chemicals will respond without 
delay. Any day now, we expect to run an advertisement for “The Chlorine 
Your Water Demands!"; perhaps even, “Croton Water has switched to 
Calgon, because...” At any rate, you will do well not to mistreat your 
water, since you can’t make up to it by buying peanuts. 


“Standard Welding Terms and Their Definitions” has just been 
published by the American Welding Society, 33 W. 39th St., New York 18, 
to formulate a suitable, standard terminology. Among the useful distine- 
tions drawn are those between such related concepts as “fusion,” “penetra- 
tion” and “bond” ; “bead weld” and “weld bead” ; “backing weld” and “back 
weld.” A “Master Chart of Welding Processes” and individual *P 
Charts” are being issued concurrently. The book is priced at $1.00 and 
the charts at 35¢ per set of five ($1.25 in combination ). 


rocess 
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The LONG and the SHORT 


of efficient storage 
for half-a-million gallons 


of water. 


VI 


Indicating the flexibility of even a single type of Pittsburgh-Des Moines Ele- 
vated Steel Tank, these examples of our Double-ellipsoidal design can be 
multiplied by a host of special water storage applications. @ Write for our 
latest Bulletin, detailing the complete range of P-DM Elevated Steel Tanks. 


Ay | 
PITTSBURGH 
t 
PITTSBURGH * DES MOINES STEEL CO. 
Plants at PITTSBURGH, DES MOINES and SANTA CLARA 
Sales Offices at: 
PITTSBURGH . . . . . 3424 Neville Island DES MOINES... . . . 925 Tuttle Street 
YORK . . Room 921, 270 Broadway DALLAS . . . . 1229 Praetorian Building 
CHICAGO, 1228 First National Bank Bldg. 
» SANTA CLARA, CAL. . . 631 AlvisoRoad 
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TECHNICAL 
SESSIONS 


Section Meeting Reports 


Arizona Section—The Spring Conference of the Arizona Section, 
held in Prescott on April 1-3, was hailed by the 133 registered members 
and guests as one of the most successful yet held, despite the fact that the 
weatherman swung heartily into the spirit of the day and brewed up an 
unusual snowstorm for April Fool's Day. The technical sessions on Friday 
and Saturday were well attended and the papers presented called forth 
spirited discussion. 

The meeting started enthusiastically with the report of the membership 
chairman, Monroe Harris, announcing a 50 per cent increase in the Section 
since the 1948 spring meeting. Chairman John Rauscher, presiding over 
the day’s technical session, introduced George Swem, Permutit Co., who 
discussed three methods for “Removal of Fluorides from Water Supplies.” 
H. V. Smith, of the University of Arizona and a pioneer in the field of 
research on this problem, discussed the paper and the progress in the 
science and acceptance of defluorination. He also described briefly the 
world’s largest phosphatic absorbent plant, located at Climax, Colo., where 
the fluorine content of the water is reduced from 23.0 ppm. to less than 
1.0 ppm. 

John C. Luthin, water superintendent of Santa Cruz, Calif., discussed 
the public relations policy of a small water department and outlined the 
use of A.W.W.A. materials in his program. 

Arizona Section Director A. W. Miller reported at the Friday luncheon 
the activities and progress of A.W.W.A. during the past vear. 

Walter C. Harford’s informal discussion of concrete pipe followed the 
luncheon meeting and dealt with the manufacture and use of different types 
and connections for pressure concrete pipe. M. FE. Devine, Tucson water 
department, discussed his successful efforts in the repair of concrete 
reservoirs. 

The remainder of the Friday session was devoted to a panel discussion 
led by A. W. Miller of such topics as in-service training of water works 
personnel, schools for operators, voluntary mutual aid, the value of 


(Continued on page 66) 
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The meter used by thousonds 
of in the US 
ond obsoad 


SURE TO MEET YOUR 
SPECIFICATIONS FOR ACCURACY, 
LOW MAINTENANCE, 

LONG LIFE 


Before you invest in water meters, get acquainted 
with the design and performance advantages 

which make Worthington-Gamon 

Watch Dog Water Meters first choice of so many 
munbeipaliies and private water companies 

in the Unwed States 


JOURNAL A.W.W.A. 


WATCH DOG WATER METERS 
“Week Beg” wade .. . mode in vondurd topodtias fram 


WORTHINGTON-GAMON 
METER COMPANY 


296 South Street, Newark 5, New Jersey 


Subsidiary of 
WORTHINGTON 


PUMP AND MACHINERY CORPORATION 
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(Continued from page 64) 
A.W.W.A. specifications and the proper use of A.W.W.A. public relations 
material. 

At the Friday night dinner, held at the Hassayampa Hotel, Byrl D. 
Phelps, San Diego, acted as master of ceremonies. Musical entertainment 
was provided and a color portrayal of the proposed Central Arizona Irri- 
gation Project was featured on the program. 

The Saturday morning session opened with a paper and discussion 
by T. R. Mackay, chief engineer of Fairbanks-Morse Co., of “Horizontal 
and Vertical Pumps and Their Applications.” The morning session was 
concluded with a report and description of the Prescott water supply by 
Stuart Henderson, superintendent, and Cecil Overstreet, engineer. The 
growth of the supply was traced from one well and a hand pump in 1864 
to the present abundant supply assured by the development of wells in 
the Del Rio Valley nineteen miles north of Prescott. 

Using as his topic the familiar slogan “Silent Service Is Not Enough,” 
the Rev. Charles Franklin Parker addressed the group at the Saturday 
luncheon. He lauded the continuing program of improvement and ex- 
pansion of the water works industry but stated that too often the consumer 
was unaware of the many services rendered by the industry. Stating that 
“publicity should be as strong as chlorine and as palatable as maple syrup,” 
he urged that a good public relations program be utilized by all privately 
and municipally owned utilities. 

Under the direction of Guy A. Rhoads and John Hoover, the operators 
met in closed session Saturday afternoon for a panel discussion of their 
mutual problems. By unanimous approval of the operators, the half-day 
Roundup will be included on all future programs of the Section conferences. 

At the parallel session Saturday afternoon, John C. Luthin led a 
panel discussion on “Cost Engineering in Water Works Practice” (this 
issue, p. 496). At the business session held Saturday a resolution was 
adopted requesting the Arizona State Dept. of Health to conduct a survey 
to determine the extent and source of apparently increasing nitrate nitrogen 
in well water supplies in the Salt River Valley. 

Delegates gathered Saturday evening in the lobby of the Hassayampa 
Hotel where they were the guests of manufacturers’ representatives at a 
cocktail party. The manufacturers’ representatives were also hosts at the 
dance which followed dinner. Informal fellowship was the keynote of the 
traditional Select Society of Sanitary Sludge Shovelers Dinner, where Dusty 
Miller (pH 7) acted as master of ceremonies. New members who were 
added to the roster of the Select Society were Stuart Henderson, Local 
Arrangements Chairman; Ruskin T. Gardner, retiring F.S.W.A. Director ; 
and J. H. Roberts, Prescott Chamber of Commerce. W. H. Wisely, 
Executive Secretary, Federation of Sewage Works Associations, a member 
of several years standing in the Society, was presented with a. souvenir 
(Continued on page O08) 
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SERVICE e e e with a monkey wrench! 


I To inspect or service a Ludlow Slide Gate Hydrant 


A you'll need a wrench — that’s all. Just take off the 
top of the hydrant and lift out the stem, without 
unscrewing anything below ground. The entire mecha- 
nism, including the gate, bronze wedge nut and drip 
assembly is attached to the stem. 


LUDLOW FIRE HYDRANTS 


Shown here is the distinctive Ludlow List No. 90, now 
serving in thousands of cities and towns. It employs 
the famous Ludlow Slide Gate principle, and (in addi- 
tion to easy servicing) offers the following advantages: 


round @ Quick Water with least possible shock and 


aetna pressure loss. Proper shut-off without water 
hammer. 
Screw Stem @ Proper Drainage, automatically, at lowest 


point when closed. 


@ No Flooding. Wedge-locked when closed. 
Accidental breaking will not cause flood. 
Hydrant head breaks at ground line — is 
easily replaced without excavation. 


LUDLOW AWWA DOUBLE DISC GATE VALVES 


The parallel seated, double wedge type slide gate valve, 
developed and perfected by Ludlow, provides a number 
of essential benefits. 


@ Smooth, Positive Operation. Gates positioned 
directly opposite ports before wedging, and 
entirely unwedged before being raised. 

@ Positive Closure. Even after years of service in 
the open position; flexible-action gates self- 
adjusting to seats. 

@ Simplicity! Only 2 parts in the wedging mecha- 
nism! These are extra heavy with ample reserve 
strength and wear resistance for years of con- 

stant service. 


Made in sizes from 2” to 72”, N.R.S. and O.S.&Y. with . 
all types of connections. 95-S 


fim) LUEEOW VALVE 
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(Continued from page 60) 
stone slab, weighing 500 pounds, carrying a message in Indian pictographs. 
On Sunday morning members were conducted on a tour of the newly 
developed Prescott water supply at Del Rio and the treatment plant. It 
was announced that the Fall Conference of the Section would be held in 
Yuma, November 11-13, 1949, with the San Carlos Hotel as headquarters. 
Reservations may be placed now through K. M. Bassett, Box 311, Yuma. 
Mrs. Heten Rorruaus 
Secretary-Treasurer 


Indiana Section: The Indiana Section held its 41st Annual Meet- 
ing at the Lincoln Hotel in Indianapolis on April 20-22, in affiliation with 
the State Board of Health. The total registration of 265 was the largest 
of record, and over 50 per cent of the section membership attended the 
meetings. 

The session was called to order Wednesday afternoon by Clyde EF. 
Williams, Chairman. With Marshall P. Crabill presiding, C. T. Kaiser, 
sanitary engineer with Jeffrey Mig. Co., presented a paper on “*Floccula- 
tion” and discussed scale model testing for equipment design. John E. 
Nleinhenz, publicity director for the Indianapolis Water Co., talked about 
the production and use of home-made movies in public relations work 
before showing “At Your Service, Willing Water.” John J. Carroll 
presided at the Butfet and Smoker, where George E. Symons appeared 
as Master of Ceremonies for his own “Here and There” give-away quiz 
show. 

Thomas J. Burrin wielded the gavel Thursday morning while B. A. 
Poole, chairman of the National Committee on Disinfection of Water 
Mains, discussed the various sections of “A Procedure for Disinfecting 
Water Mains” as originally published in the February 1948 JourNAt. 
(p. 131). He further commented on activities and discussions of the 
Committee in recent months, with particular reference to their developing 
attitudes toward packing materials. Speaking on the subject “Air Con- 
ditioning,” Frank C. Amsbary, Jr., Manager of the Ilinois Water Service 
Co., reviewed some of the work and findings of his committee which has 
been considering the regulation and conservation of water used for air 
conditioning. Short papers of discussion were read by George G. Fass- 
nacht, Telford R. Davis, Daniel P. Morse and G. V. Savage. 

At the luncheon meeting B. A. Poole presented H. FE. Jordan who 
spoke briefly about the internal workings of the New York office as the 
Association functioned to serve its membership. Charles H. Bechert 
reconvened the meeting after lunch to hear a paper on “Water Main 
Extensions” by Fred R. Witherspoon, senior engineer, Public Service 
Commission of Indiana. Lewis S. Finch acted as moderator for a panel 
discussion of this paper in which Harry J. Draves, Jack Gordon and 
(Continued on page 70) 
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The Centriline process is extremely flex- 
ible in providing linings of variable 
thickness in accordance with the degree 
of protection necessary. The thickness 
of the lining is controlled in inverse pro- 
portion to the forward speed of the Cen- 
trifugal machine. Thus, when cleaning 
reveals sections of a main particularly 
affected by electrolysis or corrosion and 
strengthening is desirable, an increase in 
thickness is obtained by slowing the 
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> PP PIPE LINING 
FACTS NO. 4 


speed of the machine. 

No matter what plate thickness or 
plate conditions are encountered—seri- 
ous deterioration and penetration in- 
cluded—the flexibility of the Centriline 
Process restores capacity to better than 
new and vastly increases the life expec- 
taney of the pipeline. 


> WRITE TODAY FOR THE NEW 
CENTRILINE CATALOG 


CEMENT MORTAR LININGS FOR WATER MAINS 
Centrifugally Applied in Strict Conformity 
with A. W. W. A. Specifications 


CENTRILINE CORPORATION 


142 CEDAR STREET e NEW YORK 6, N.Y. 
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(Continued from page OS) 
Everitt Robbins took part. Melvin P. Hatcher, director of the Kansas 
City Water Department, then presented his talk on “Planning for the 
Future” which was discussed by J. B. Wilson and Paul Frame. 

Guests at the evening dinner were entertained by the Purduvians, 
members of the Purdue University choral group. The speaker of the 
evening was Joseph L. Quinn Jr., who gave interesting and amusing side- 
lights on “The Great Hoosier Spectacle—500 Mile Race.” 

During the final session Thomas J. Burrin presented a discussion on 
“Rate Increases,” followed by formal comments from David P. Backmeyer 
and Henry B. Steeg. W. G. Keck, Layne-Northern Co., illustrated his 
paper, “Preliminary Studies on a Method for Determining Aquifer Per- 
meability by Electric Logging,” with slides and diagrams. 

Clyde E. Williams presided at the business luncheon at which com- 


mittee reports were heard. A resolution expressing sympathy and regret 
for the passing of William C. Mabee, a charter member, past-chairman, 
Fuller Awardee and Diven Medalist. was accepted and passed. Lewis 
S. Finch, chief engineer of the Indianapolis Water Co. and past-chairman, 
section and national committeeman, was given the 1949 Fuller Award in 
recognition of his application and teaching of sound and ethical practices 


in the water works field. 


GeorGe G. FASSNACHT_ 
Assistant Secretary 


Nebraska Section: The spring conference of the Nebraska Section 
opened at the Cornhusker Hotel, Lincoln, on April 21, in joint session 
with the Utilities Section of the Nebraska League of Municipalities. With 
Harry L. Morris, Chairman of the Utilities Section, presiding, the address 
of welcome was given by Mayor Clarence G. Miles, who graciously com- 
plimented utilities men in general on providing efficient and low-cost ser- 
vice to the public. The technical papers which followed that day were 
devoted to electrical topics, but one paper on “The Missouri River Basin 
Project” presented by E. J. Kickinson of the Bureau of Reclamation proved 
interesting to water works men also, and all registrants were guests at 
luncheon of the Superior Engine Diy. of the National Supply Co. 

At the banquet that evening, W. Victor Weir as principal speaker 
observed that, although he was representing the A.W.W.A. and was pri- 
marily interested in sanitary problems, there are many similarities between 
electric and sanitary utilities, and he offered many humorous and thought- 
provoking suggestions along that line. Section Chairman Guy E. Bell of 
Fairbury presided over the Friday program, which was begun with a 
paper on “Fluorine in Public Water Supplies” by a dentist, Edmund J. 
Dailey, who suggested that fluorine addition was a matter which would 
have to be considered and settled by water works men. C. E. Georgi, 
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Fort 


«en 


wenty-nine Venturi tubes with 
Loss of Head and Rate of Flow 
Gauges went into operation at the 
McMillan Filter Plant, Washington, 
D. C., in 1904. Recently, the office 
of the U. S. District Engineer of 
Washington, Dept. of the Army, 
tested one of these Meters (No. 4) 
by comparing its readings: 


The volumetric drop 
1,016,254 gallons 


The Venturi Meter record 
1,016,146 gallons 


Accuracy within 0.0163% 


BUILDERS 


Venturi, Propeloflo, and Orifice Meters 


* Manometers * 


JOURNAL A.W.W.A. 


ears of 
[Faultless Metering 


Controllers and Gauges * Conveyoflo Meters * Type M and Flo-Watch Instru- 
ments * Wheeler Filter Bottoms * Master Controllers * Filter Operating Tables 


Chlorinizer-Chlorine Gas Feeders °* 


After forty-four years, the Meter 
“checked almost absolutely the 
volumetric drop in the filter.” 
Testimony indeed of the depend- 
able service built into every 
Builders Venturi Meter! 


For bulletins and engineering 
information, address Builders- 
Providence, Inc. (Division of Build- 
ers lron Foundry), Providence 1,R. I. 


PRODUCTS 


* Kennison Nozzles * Venturi Filter 


Chronoflo Telemeters 


BUILDERS) 


PROVIDENCE 
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(Continued from page 70) 
Univ. of Nebraska professor of bacteriology, explained “Bacteriological 
Tests” to the small water works operator. 

George S. Trees of the Chicago Bridge and Iron Co. discussed 
“Welded Tank Construction,” and after luncheon the motion picture 
“Installing Cast-Iron Pipe” was shown by courtesy of the Cast Iron Pipe 
Research Assn. “Sewage Disposal’ was the subject of a paper by Vern 
Livingston, manager of the Sidney Public Utilities, and Thomas M. Davies, 
attorney of Lincoln, discussed “Municipal Liability for Water Main 
Breaks.” 

Roy M. Green, dean, and Niles H. Barnard, chairman, of the depart- 
ment of mechanical engineering at the Univ. of Nebraska, presented their 
report on the Second Annual Water Works Conference held at the Uni- 
versity in cooperation with the Utilities Section and the A.W.W.A,. in 
February. The program closed with a business meeting at which Chair- 
man Bell presided. A resolution offered by John Cramer in support of 
a state appropriation to the University’s budget was adopted. A smoker 
and buffet dinnersin the evening concluded the meeting. 

J. W. Cramer 
Secretary-Treasurer 
(Continued on page 74) 


How to join more fa \ 


bell and spigot cast iron 


water mains per hour Proven 

...at less cost Performance 
\ ELIMINATE USE OF Beats 

HIGH PRICED LEAD Pr omis es 


Do you know of any other Fire Hy- 
drant with as long a record of de- 
pendable service as the Kupferle ? 


Send for Spectfication Sheets 


OMPY JOHN C. KUPFERLE FOUNDRY CO. 
Each Haymanite equals Is. of ead KUPFERLE 
caulking and | large bell holes. to apply FIRE HYDRANTS 


Immediate deliveries. Free catalog 
Producers also of M. H. Brand Caulking Lead 


INCORPORATED 
ESTABLISHED 1869 


Buffalo 11, N. Y. 


ay 
862 East Ferry St. | : 
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FOUNDRY & PIPE CORP. 
Il BROADWAY — N.Y.C. 


- WARREN PIPE CO. of MASS. 


75 FE DERAL ST., Boston, Mass. 
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Montana Section: The twenty-fourth meeting of the Montana Sec- 
tion convened at the Council Chambers in Great Falls on April 8, 1949, with 
a total registration of 166, which topped all previous convention attendance 
of the section. The meeting was opened under the able direction of Chair- 
man John Hazen. Jhalmer C. Johnson, Mayor of Great Falls, welcomed 
the group to the city. W. Victor Weir, Vice-President Elect, discussed 
the business and problems confronting the national Association. The 
Section then stood in silence for a minute in remembrance of Al Heath, a 
long-faithful member who passed away just a few days before the meeting. 
Talks by Chairman Hazen, Director John Hall, Secretary-Treasurer C. W. 
Brinck, and committee reports and the appointment of committees completed 
the morning session of the first day of the meeting. 

The afternoon session was given over to a round-table discussion led 
by M. F. Dixon. <A good deal of this discussion concerned the freezing of 
water pipe lines, since many of our water departments were affected by the 
very severe winter through which we have just passed. This discussion was 
led by Harry McCann, superintendent of the Missoula Water Dept., who 
described the problems with which his system was forced to contend in 
order to prevent the freezing of their entire water distribution system. 
Other subjects discussed included water rates, weed control near reservoirs, 
and the location of leaks. Following the afternoon session, a Dutch Lunch 
was held at the Great Falls filter plant, at which time the building was 
inspected. The local staff did an excellent job of entertaining the 
group. This plant, the largest of its kind in Montana, was viewed with 
much interest by operators from other localities. 

On Saturday, April 9th, Carl Davis, corrosion engineer for the Montana 
Power Co., discussed “Corrosion of Buried Metals.” This paper evoked a 
great number of questions from the audience. Harry Faber, Research 
Chemist for the Chlorine Institute, discussed ‘Water Chlorination in Prin- 
ciple and Practice.” The afternoon session began with a discussion on 
“Nuclear Fission Products and Public Water Supply” by C. W. Brinck of 
the State Board of Health. Francis I. Livingston, Director of the Div. of 
Dental Health of the State Board of Health, discussed fluorine in drinking 
water. A paper by W. Victor Weir on water main extensions and financing 
brought forth much discussion. 

It was decided to hold the next annual meeting in Missoula, Montana. 
It was also decided that the School for Water and Sewage Plant Operators 
would be held in Bozeman at the Montana State College sometime between 
October 15th and December 15th of this year, the exact dates to be decided 
after consultation with the college officials. The convention concluded with 
a dinner-dance which was held at the Rainbow Hotel in Great Falls. 
C OAV. BrRINcK 
Secretary-Treasurer 
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The municipal water works of Oberlin, Ohio, was the 
first in the country to use the lime softening process, 
installing this equipment in 1908. To get the best 
possible stabilization after softening, an extremely 
large reservoir for treated water was built, providing, 
at that time, for 30 days retention, and under present 
operating conditions for retention from 10 to 20 days. 
Even with this long retention period, however, there 
was troublesome after-precipitation of calcium car- 
bonate in service pumps, distribution lines and meters. 

In 1939, Threshold Treatment with Calgon was 
adopted—and the trouble ended. There has been no 
difficulty with the pumps, and meters have been taken 
out only for normal repair, none due to “freezing up” 


JOURNAL 
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with lime scale. Precipitation of calcium carbonate in 
the distribution lines has been virtually non-existent. 

Ten years of experience have left the Oberlin authori- 
ties well satisfied with the results from Threshold 
Treatment with Calgon. 

Oberlin is only one of many h 
of all sizes where Threshold Treatment with Calgon 
is used to prevent scale, control corrosion, eliminate 
“red water” or stabilize water following lime soften- 
ing. These communities have found that they can 
depend on Calgon; they specify Calgon by name— 
and then make sure that they get Calgon. 

Calgon representatives will be glad to discuss the 
use of Threshold Treatment in your plant. 


dred ities 


*7T.M. Reg. US. Pat. Of. 


calgon, inc. 


A SUBSIDIARY OF 
HAGAN CORPORATION 


HAGAN BUILDING 
PITTSBURGH 30. PA 
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Index 


Acidizing of Water Wells: 

Dowell Incorporated 

Activated Carbon: 

Industrial Chemical Sales Div. 

Aerators (Air Diffusers): 

Infilco, Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 

Air Compressors: 

DeLaval Steam Turbine Co. 

Worthington Pump & Mach. Corp. 

Air-Lift Pumping Systems: 

Worthington Pump & Mach. Corp. 

Alum (Sulfate of Alumina): 

American Cyanamid Co., Industrial 
Chemicals Div. 

General Chemical Div. 

Stuart Corp. 

Ammonia, Anhydrous: 

General Chemica! Div. 

Ammonia Receivers: 

Worthington Pump & Mach. Corp. 

Ammoniators: 

Everson Mfg. Corp. 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc. 

Brass Goods: 

American Brass Co. 

M. Greenberg’s Sons 

Hays Mfg. Co. 

James Jones Co. 

Mueller Co. 

A: P. Smith Mfg. Co. 

Smith-Blair, Inc. 

Carbon Dioxide Generators: 

Infilco, Inc. 

Walker Process Equipment, Inc. 

Cathodic Protection: 

Dowell Incorporated (magnesium 
anodes 

Electro Rust-Proofing Corp. 

Cement Mortar Lining: 

Centriline Corp. 

Chemical Cleaning of Water 
Mains: 

Dowell Incorporated 


Chemical Feed Apparatus: 
Belco Industrial Equipment Div., 
Inc. 


Builders-Providence, Inc. 

Everson Mfg. Corp. 

Infilco, Inc. 

Omega Machine Co. (Div., 
ers Iron Fdry.) 

Permutit Co. 

Proportioneers, Inc. 

Ross Valve Mfg. Co. 

Simplex Valve & Meter Co, 

Wallace & Tiernan Co., Inc. 

Chemical Scale Removal Serv- 
ices: 

Dowell Incorporated 

Chemists and Engineers: 

(See Prof. Services, pp. 24-27) 

Chlorination Equipment: 

Everson Mfg. Corp. 

Proportioneers, Inc. 

Wallace & Tiernan Co, Inc. 

Chlorine Comparators: 

Everson Mfg. Corp. 

Hellige, Inc. 


Build- 


of Aduertisers’ 


Klett Mfg. Co. 

LaMotte Chemical Products Co. 
Proportioneers. Inc. 

Wallace & Tiernan Co., Inc. 
Chlorine, Liquid: 

J. W. Jones Co. 

Solvay Sales Div. 

Wallace & Tiernan Co., Inc. 
Clamps and Sleeves, Pipe: 
James B. Clow & Sons 

Dresser Mfg. Div. 

M. Greenberg's Sons 

James Jones Co. 

Rensselaer Valve Co, 

A. P. Smith Mfg. Co. 

Warren Foundry & Pipe Corp. 
Clamps, Bell Joint: 

James B. Clow & Sons 

Dresser Mfg. Div. 

Clamps, Pipe Repair: 
James B. Clow & Sons 

Dresser Mfg. Div. 

Warren Foundry & Pipe Corp. 
Clarifiers: 

Chain Belt Co, 

Dorr Co. 

Infilco, Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 
Cleaning Water Mains: 
Underground Pipe Clean- 


‘o 

Natignal Water Main Cleaning Co. 
Cocks, pum and Corporation: 
Hays Mfg. C 
James “Jones Co. 
A. P. Smith Mfg. Co. 
Compressors, Portable: 
Worthington Pump & Mach. Corp. 
Condensers: 
United States Pipe & Foundry Co. 
Contractors, Water Supply: 
Layne & Bowler, Inc. 
Controllers, Liquid Level, 

Rate of Flow: 
Builders-Providence, Inc. 
Infilco, Inc. 
Simplex Valve & Meter Co, 
R. W. Sparling 
Copper Sheets: 
American Brass Co. 
Copper Sulfate: 
General Chemical Div. 
Corrosion Control: 
Calgon, Inc. 
Dearborn Chemical Co. 
Couplings, Flexible: 
DeLaval Steam Turbine Co. 
Dresser Mfg. Div. 
Fairbanks, Morse & Co. 
Philadelphia Gear Works, Inc, 
Culture Media: 
Difco Laboratories, Inc. 


Dechlorinating Agent: 
Virginia Smelting Co. 
Diaphragms, Pump: 
Dorr Co. 

Proportioneers, Inc. 
Engines, Hydraulic: 
Ross Valve Mig. Co. 
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Products 


Engineers and Chemists: 

(See Directory of Experts, pp. 24- 
27) 

Feed Water Treatment: 

Calgon, Inc 

Dearborn Chemical Co. 

Infilco, Inc. 

Filter Materials: 

Anthracite Equipment Corp 

Infilco, Inc. 

Northern Gravel Co. 


Filters, incl. Feed Water: 

Belco Industrial Equipment Diy., 
Inc. 

Dorr Co. 

Everson Mfg. Corp. 

Infilco, Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Ross Valve Mfg. Co. 

Walker Process Equipment, Inc. 

Filtration Plant Equipment: 

Builders-Providence, Inc. 

Chain Belt Co. 

Difco Laboratories, Inc. 

Infilco, Inc. 

Omega Machine Co, 
ers Iron Fdry.) 

Roberts Filter Mig. Co. 

Stuart Corp. 

Walker Process Equipment, Inc. 

Welsbach Corp., Ozone Processes 
Div. 


(Div., Build 


Finders, Pipe: 

Jos. G. Pollard Co., Inc. 
Fish Screens: 

Electric Fish Screen Co. 

Fittings, Copper Pipe: 
Dresser Mfg. Div. 

M. Greenberg's Sons 

Hays Mig. Co. 

James Jones Co. 

Fittings, Tees, Ells, etc.: 

Cast Iron Pipe Research Assn. 

James B. Clow & Sons 

Dresser Mfg. Div. 

James Jones Co. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

United States Pipe & Foundry Co 

Warren Foundry & Pipe Corp. 

R. D. Wood Co. 

Flocculating Equipment: 

Chain Belt Co. 

Dorr Co. 

Infileo, Inc. 

Furnaces: 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co. 

Furnaces, Joint Compound: 

Northrop & Co., Inc. 

Gages, Liquid Level: 

Builders-Providence, Inc. 

Infilco, Inc. 

Simplex Valve & Meter Co 

Gages, Loss of Head, Rate of 
Flow, Sand Expansion: 

Builders-Providence, Inc. 

Infilco, Inc. 

Northrop & Co., Inc. 

Simplex Valve & Meter Co. 

R. W. Sparling 
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MINIMUM WEAR AND REPLACEMENTS 


Due To CALMET’S Large Capacity, Slower Moving Parts 


The CALMET measuring chamber has an unusually 
large capacity and accommodates a slower moving 
piston. Therefore, the °g’” CALMET requires only 
256 nutations to measure a cubic foot of water. This 
important feature, plus the fact that top and bottom 
gear train spindles, bottom pinion, measuring chamber 
screen and all inside screws are made of Monel to 
discourage corrosion and wear longer, keeps replace- 
ments at the minimum. 


CALMET Water Meters provide trouble-free, profit- 
able metering at low cost. 


SALES REPRESENTATIVES—W rite for complete 
details of the CALMET franchise in your territory. 


MET WATER METERS 


MADE BY WELL MACHINERY & SUPPLY CO.,INC.—FORT WORTH, TEXAS 
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Gasholders: 
Chicago Bridge & Iron Co. 
Pittsburgh-Des Moines Steel Co. 


Gaskets, Rubber Packing: 
Northrop & Co., Inc. 


Gates, Shear and Sluice: 

Armco Drainage & Metal Products, 
Inc. 

R. D. Wood Co. 

Gears, Speed Reducing: 

DeLaval Steam Turbine Co. 

Philadelphia Gear Works, Inc. 

Glass Standards—Colorimetric 
Analysis Equipment: 

Hellige, Inc. 

Klett Mfg. Co. 

LaMotte Chemical Products Co. 

Wallace & Tiernan Co., Inc. 


Goosenecks (with or without 
Stops): 

Hays Mfg. Co 

James Co. 

A. P. Smith Mfg. Co. 


Greensand (Zeolite): 
(See Zeolite) 


Hydrants: 

James B. Clow & Sons 
M. Greenberg’s Sons 
James Jones Co. 
Kennedy Valve Mfz. Co. 
John C. Kupferle Foundry Co. 
Ludlow Valve Mfg. Co. 
Mueller Co. 

A. P. Smith Mfg. Co. 
Rensselaer Valve Co. 
Ross Valve Mfg. Co. 

R. D. Wood Co. 


Hydrogen Ion Equipment: 
Hellige, Inc. 

LaMotte Chemical Products Co 
Wallace & Tiernan Co., Inc. 


Iron Removal Plants: 
American Well Works 
Belco Industrial Equipment Div., 


Inc. 
Chain Belt Co. 
Infilco, Inc. 
Permutit Co. 
Roberts Filter Mfg. Co. 
Walker Process Equipment, Inc. 
Welsbach Corp., Ozone Processes 
Div. 
Jointing Materials: 
Atlas Mineral Products Co. 
Michael Hayman & Co., Inc. 
Hydraulic Development Corp. 
Leadite Co., Inc. 
Northrop & Co., Inc. 


Joints, Mechanical, Pipe: 
Cast Iron Pipe Research Assn. 
Carson-Cadillac Co. 

Central Foundry Co 

James B. Clow & Sons 

Dresser Mfg. Div. 

United States Pipe & Foundry Co. 
Warren Foundry & Pipe Corp 

R. D. Wood Co. 


Lime Slakers and Feeders: 

Dorr Co. 

Infilco, Inc. 

Omega Machine Co. 
ers Iron Fdry.) 


Magnesium Anodes (Corrosion 
Control): 
Dowell Incorporated 


Manometers, Rate of Flow: 
Builders-Providence, Inc. 


Meter Boxes: 

Art Concrete Works 

Ford Meter Box Co. 
Pittsburgh Equitable Meter Div. 


(Div., Build- 
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Meter Couplings and Yokes: 
Badger Meter Mfg. Co. 

Dresser Mfg. Div. 

Ford Meter Box Co. 

Hays Mfg. Co. 

Hersey Mfg. Co. 

ames Jones Co. 

Mueller Co. 

Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 
A. P. Smith Mfg. Co. 
Worthington-Gamon Meter Co. 


Meter Reading 
soo 


ks 
Badger Meter Mfg. Co. 
Buffalo Meter Co. 


Meter Testers: 

Badger Meter Mfg. Co. 

Ford Meter Box Co. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 


Meters, Domestic: 

Badger Meter Mfg. Co. 

Buffalo Meter Co. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 
A. P. Smith Mfg. Co. 

Well Machinery & Supply Co. 

Worthington-Gamon Meter Co. 


Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

Builders-Providence, Inc. 

Infilco, Inc. 

Simplex Valve & Meter Co. 

R. W. Sparling 

Meters, 


Industrial, 
cial: 


Badger Meter Mfg. Co. 
Buffalo Meter Co. 
Builders-Providence, Inc. 
Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 
Simplex Valve & Meter Co. 
A. P. Smith Mfg. Co. 

R. W. Sparling 

Well Machinery & Supply Co. 
Worthington-Gamon Meter Co. 


and Record 


Commer- 


Mixing Equipment: 
Belco Industrial Equipment Div., 


Inc. 
Chain Belt Co. 
Infilco, Inc. 
Ozonation Equipment: 


Welsbach Corp., Ozone 
Div. 


Processes 


Pipe, Asbestos-Cement: 
Johns-Manville Corp. 
Keasbey & Mattison Co. 


Pipe, Brass: 
American Brass Co. 


Pipe, Cast (and 
American Cast Iron oe 

Cast Iron Pipe Researc Assn. 
Central Foundry Co. 

James B. Clow & Sons 

United States Pipe & Foundry Co 
Warren Foundry & Pipe Corp. 

R. D. Wood Co. 


Pipe, Cement Lined: 

Cast Iron Pipe Research Assn. 
Central Foundry Co. 

James B. Clow & Sons 

Preload Companies, The 

United States Pipe & Foundry Co. 
Warren Foundry & Pipe Corp. 
R. D. Wood Co. 
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Pipe Coatings and Linings: 
The Barrett Div 

Cast Iron Pipe Research Assn. 
Centriline Corp 

Dearborn Chemical Co. 
hoppers Co., Inc, 

Preload Companies, The 

Reilly Tar & Chemical Co. 
Standard Pipeprotection, Inc. 
Warren Foundry & Pipe Corp. 


Pipe, Concrete: 
American Pipe & Construction Co. 
Lock Joint Pipe Co. 


Pipe, Copper: 
American Brass Co. 


Ellis & Ford Mfg. Co 

Jos. G. Pollard Co. Inc. 
A. P. Smith Mfg. Co. 


Pipe Jointing Materials: 
(See Jointing Materials) 


Pipe, Steel: 

soy Drainage & Metal Products, 
nc. 

Bethlehem Steel Co. 

Plugs, Removable: 

James B. Clow & Sons 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co 

Warren Foundry & Pipe Corp. 


Potentiometers: 
Hellige, Inc. 


Pressure Regulators: 
Ross Valve Mfg. Co. 


Pumps, Boiler Feed: 
DeLaval Steam Turbine Co. 
Fairbanks, Morse & Co 
Peerless Pump Div., 
Machinery Corp. 


Pumps, Centrifugal: 
American Well Works 
DeLaval Steam Turbine Co. 
Economy Pumps, Inc. 
Fairbanks, Morse & Co. 
Peerless Pump Div., Food 
Machinery Corp. 


Pumps, Chemical Feed: 
Everson Mfg. Corp. 

Infilco, Inc. 

Proportioneers, Inc 

Wallace & Tiernan Co., Inc 


Pumps, Deep Well: 

American Well Works 

Fairbanks, Morse & Co. 

Layne & Bowler, Inc 

Peerless Pump Div., Food 
Machinery Corp. 

Worthington Pump & Mach. Corp. 


Pumps, Diaphragm: 
Dorr Co. 
Proportioneers, Inc. 


Hydrant: 
Jos. G. Pollard Co., Inc. 


Pumps, Hydraulic Booster: 
Fairbanks, Morse & Co 
Ross Valve Mfg. Co. 


Pumps, Sewage: 
DeLaval Steam Turbine Co. 
Economy Pumps, Inc. 
Fairbanks. Morse & Co 
Peerless Pump Div., Food 
Machinery Corp. 
Pumps, Sump: 
DeLaval Steam Turbine Co 
Economy Pumps, Inc. 
Fairbanks, Morse & Co. 
Peerless Pump Div., Food 
Machinery Corp. 
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Iron and manganese are extremely 
objectionable in water supplies for all 
industrial purposes. They form stains, 
impart a metallic taste, form clogging 
deposits, favor bacterial growth, and 
interfere with practically all wet proc- 
essing operations! 

Pulp and paper mills, chemical plants, 
textile mills, and tanneries are only a 
few of the industries that find water 
low in iron content a necessity. What- 
ever your individual iron and man- 


For 
over 35 years 
Water Conditioning 
Headquarters 
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IRON AND MANGANESE EASILY REMOVED WITH PERMUTIT WATER CONDITIONING EQUIPMENT 


ganese removal problem may be, 
Permutit has the equipment you need. 
For full information about iron re- 
moval, whether by base-exchange, 
aeration, settling and filtration, or by 
oxidation through manganese zeolites, 
write to The Permutit Company, Dept. 
JA-6, 330 West 42nd Street, New York 
18, N. Y., or to the Permutit Company 
of Canada, Ltd., Montreal. 
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Pamps, Turbine: 

DeLavail Steam Turbine Co. 

Fairbanks, Morse & Co 

Layne & Bowler, Inc 

Peerless Pump Food 
Machinery 

Worthington Sump & Mach. Corp. 

Recorders, Gas Density CO», 
S02, ete.: 

Permutit Co 

Wallace & Tiernan Co., Inc. 

Recording Instruments: 

the widence, Inc. 

R W. Sparlin 

Wallace & Tiernan Co., Inc. 

Reservoirs, Steel: 

€ hicago Bridge & fron Co 

Pittsburgh-Des Moines Stee! Co 

Sand Expansion Gages: 

(See Gages) 

Sand, Filtration: 

(See Filtration Sand) 

Sleeves: 

(See Clamps) 

Sleeves and Valves, Tapping: 

James B. Clow & Sons 

Mueller Co 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

Sludge Blanket Equipment: 

Pernutit Co. 

Soda Ash: 

Solvay Sales Div. 

Sediam Hexametaphosphate: 

Calgon, Inc. 

Softeners: 

Belco Industrial 
Inc 

Dearborn Chemical Co. 

Dorr Co 

Infiico, Inc. 

Permutit Co. 

Roberts Filter Mfz. Co 

Walker Process Equipment, Inc. 

Softening Chemicals and Com- 
pounds: 

Calgon, Inc. 

Infileo, Inc 

Permutit Co 

Zeolite Chemical Co. 

Standpipes, Steel: 

Chicago Bridge & Tron Co. 

Pittsburgh-Des Moines Steel Co. 

Steel Plate Construction: 

Bethlehem Steel 

Chicago Bridge & Iron Co. 

Pittsburgh-Des Moines Steel Co. 

Storage Tanks: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Pittsburgh-Des Moines Steel Co. 

Strainers, Suction: 

M. Greenberg’s Sons 

R. D. Wood Co 

Sulfur Dioxide, Liquid: 

Virginia Smelting Co. 

Surface Wash Equipment: 

Permutit Co. 

Stuart Corp. 


Equipment Div 
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Swimming Pool Sterilization: 
Belco Industrial Equipment Di 


ne, 


Everson Mig. Corp. 


Omega Machine Co. (Div., Build- 
ers [ron Fdry ) 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc 


Welsbach Corp., Ozone Processes 
Div. 

Tanks, Steel: 

Bethlehem Stee! Co. 

Chicago Bridge & [ron Co 

Pittsburgh-Des Moines Steel Co 


Tapping Machines: 
Hays Miz. Co 


Mueller ¢ 

A. P. Smith Mfg. Co. 
Taste and Odor Removal: 
Industriai Chemical Sales Div 
Infilco, In 

Proportioneers, Inc. 


Walker Process Equipment, Inc 

Wallace & Tiernan Co., Inc 

Weisbach Corp., Ozone Processes 
Div. 


Telemeters, Level, Pump Con- 


trol, Kate of Flow, Gate 
Position, ete.: 
Builders-Providence, Inc. 


Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations) : 

Hellige, Inc 

Wallace & Tiernan Co., Inc. 


Turbines, Steam: 
DeLaval Steam Turbine Co. 


Turbines, Water: 
DeLaval Steam Turbine Co. 


Valve Boxes: 
Central Fo idry Co 
James B. Clow & Sons 
Ford Box C 
Kensselaer Valve Co. 
A. P. Smith Mfg. Co. 
R. D. Wood Co. 


Valve Inserting Machines: 
A. P. Smith Mfg. Co 


Valves, Altitude: 
Ross Valve Mfg. Co., Inc. 


Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 

James B. Clow & Sons 

M. Greenberg’s Sons 

Rensselaer Valve Co. 

R. D. Wood Co. 

Valves, Detector Check: 

Hersey Mfg. Co. 

Valves, Electrically Operated: 

James B. Clow & Soas 

Kennedy Valve Mfg. Co. 

Philadelphia Gear Works, Inc. 

Rensselaer Valve Co. 


A. P. Smith Mfg. Co. 


Valves, Float: 
Ross Valve Mfg. Co., Inc. 


Valves, Gate: 
Dresser Mfg. Div. 


PRODUCTS INDE 


James Jones Co 


Kennedy Valve Mig. Co 
Ludlow Valve Mig. Co, 
M & H Valve & Fittings Co. 
Mueller ¢ 
Rensselaer Valve Co. 
4. P. Smith Mfg. Co. 
R. D. Wood Ca. 
Valves, Hydraulically Oper- 
ate 

James B. Clow & Sons 
Kennedy Vaive Miz. Co 
Philadeiphia Gear Works, In 
ier Valve Co 

Miz. Co 
D od Co. 
Valves, Large Diameter: 
James B. Clow & Sons 
Kennedy Valve Mig. ¢ 
Ludiow Valve Miz. Co 
Valve 

Mfz. Co 
R D Wo id Co. 
Regulating: 

ss Valve Mig. Co 


Valves, Swing Check: 


James B. Clow & Sons 
M Greenberg $s Sons 
ver Valve C 


P. Smith Mig Co 
R D. Wood Co. 


w aterproofing 
Dearborn Chemical Co. 
Inertol C n 


Water Softening Plants: 
(See Softeners) 


Water Sapply Contractors: 
Layne & Bowler, Inc. 


Water Apparatus: 
Hellige 

LaM tte Chemi al Products Co 
Wallace & Tiernan Co., Inc. 


Water Treatment Plants: 

American Well Works 

Chain Belt Co 

Chi cago Bridge & Iron Co 

Dearborn Chemical Co. 

Dorr Co 

Everson Mfg. Corp. 

Infilce, Inc 

Pittsburgh-Des Moines Steel Co. 

Roberts Filter Mfg. Co 

Stuart Corp. 

Walker Process Equipment, Inc. 

Wallace & Tiernan Co., Inc. 

Welsbach Corp.. Ozone Processes 
Div. 

Well Acidizing: 

Dowell Incorporated 

Well Drilling Contractors: 

Layne & Bowler, Inc. 

Wrenches, Ratchet: 

Dresser Mig. Div. 

Zeolite: 

Infilco, Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Zeolite Chemical Co. 


A complete Buyers’ Guide to all water works products and 
services offered by A.W.W.A. Associate Members appears in 
the 1948 Membership Directory. 
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Right on the heels of the trench digger 
K&M 

“Cantu ” 
ASBESTOS-CEMENT 
PIPE 


Here’s a timely example of the speed 
with which ““Century”’ Asbestos-Cement 
Pipe can be laid. At times, such speed 
can be vastly important, as in this case 
where the sub-soil was so heavily water- 
laden that the trench bottom filled 
quickly. Delay would have made the 
job difficult and more costly. 


K&M “Century”? Asbestos-Cement Pipe 
can be laid fast because it is light in 
weight, easy to handle, requires no ma- 
chinery to lower into position, and instal- 
lation can be completed quickly. Also, 
time is saved because ‘“‘Century”’ Pipe 
can be cut, drilled and tapped on the job. 


For installation in moist soils, “Century” 
Pipe is ideal ...it will not rust or cor- 
rode. It is also immune to tuberculation 
and electrolysis. It’s strong; actually 
grows tougher with age. And once in 
place, you can forget about it... for it 
will give trouble-proof service for 
many years. 


Write today for full particulars about 
serviceable, economical ‘‘Century’’ 
Asbestos-Cement Pipe. Your inquiry 
will be answered promptly. 


Nature made 


Keasbey & Mattison 
has made it serve mankind 


since 1873 


Typical installation of ‘Century’ Asbestos-Cement Pipe, 
showing length of sections which helps speed up work. 


KEASBEY & MATTISON 


COMPANY AMBLER PENNSYLVANIA 
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Commercial, industrial and apartment house services 
% are potentially big revenue earners. To get all this 
e revenue you need the right type of meter on every job. 
Fitting the proper meter to the setting is an impor- 
tant part of Pittsburgh-Empire service. We alone 
make all types of water meters, thus we can give you 
our recommendations without prejudice and in your 
best interests. To get all the facts on how to collect 
all your revenue, write the nearest District Office. 


PITTSBURGH DISC METER PITTSBURGH EUREKA “B" METER 
LARGE CAPACITY TYPE CURRENT TYPE 

An all-bronze case meter made in sizes from Sizes 2-in. through 6-in. Measures the veloc- 
%-in. through 4-in. ity of rapidly flowing volumes of water. 


PITTSBURGH-EMPIRE COMPOUND METER 
SINGLE REGISTER TYPE 


EMPIRE OSCILLATING PISTON METER (Two Register Arctic- Tropic Compounds also available) 
TYPE 16 Performs basic functions of both o displace- 
The only oscillating piston water meter made ment meter and o velocity meter. Sizes 2-in. 
in sizes from 1%-in. up. through 6-in. 


EQUITABLE METER 


: Rockwell Manufacturing Company 
Atlonto Chicago Houston ity bos A 


New York. Pittsburgh oon Francisco Seattle Tulsa 
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proBLeM GD 
river total hordness 
To soften 10 hardness 
pROBLEM 2— 1° 545 
of well water con 2M 


Tre point is... there’s no 


cure-all equipment in successful 


water pre-treatment. No single 


unit that provides the ideal 
answer to every problem 


encountered. Raw water composition and 


flow, type of treatment involved and results required 
must all be considered if economy of installation, economy 


of operation and successful results are to be realized. 


For just this reason you will find several different 


equipment units in the Dorr line . . . each engineered 


to meet different conditions and requirements. 


The specification of the proper unit for the proper job 


involves careful analysis and study. Our experience 


is available to you . . . without obligation. 


ow's WATER TREATMENT !.0.? 
H 


wHicH EQUIPMENT.-- FO 


R WHICH PROGLEM? 


SCORE CARD |__ 
The best solution to 
Problem [1] is Equipment 
Problem [2] is Equipment [J 
Problem [3] is Equipment ] 


—The Dorrco Hydro-Treator . 
low, sludge blanket type . . 
for Clarification, Floceulation on, 
8—The Dorrco Clarifloceula 
compartmented Floceulati 
cagulated turbidity drifts into the sedi 
while heavy Particles foll directly to th 


EQUIPMENT C~Dorrco Flocculators 
Squorex Clarifiers... Provide flo, 
@ single monolithic Structure 


wall construction +++ Ore ideal whe, 


EQUIPMENT 


+ @ combination 
» Provides three sepa- 
id Sludge Thickening. 


for... a combination 
ion and Sedimentation, 


mentation compartment 


sludge drawoff Zone. 


in combination with Dorrco 
culation and sedimentation 
Permit inexpensive common. 
re large flows are involved. 


HERE ARE YOUR ANSWERS 


PROBLEM 1-—Equipment ( is the onvwer here 
First cost economy of Dorrco Flocculetors end 
Squorex Clarifiers for @ big job is the key. 
PROBLEM 2-Equipment A spells economy here 
becouse of Dorrco Hydro Treater high capacity 
on @ straight softening job. 

PROBLEM Equipment B. . becouse of 
Dorrce Cloriflecculater design . . . ideal for 
twrbidity removal on job of this size. 


TRE DORR COMPANY, ENGINEERS 
S70 LEXINGTON AVE, NEW YORK 22, N. ¥. 
ATLANTA * TORONTO + CHICAGO 
DENVER + LOS ANGELES 
RESEARCH AND TESTING LABORATORIES 
WESTPORT, CONN. 

SUGAR PR 
PETREE & DORR DIVISION, NEW YORK 22,N.Y. 
ASSOCIATES AND REPRESENTATIVES 


Dorr Technical Services and Equipment Are Also 
Avoiloble Through Associcted Companies ond Rep- 


resentatives in the Principo! Cities of the World. 
Nomes and Addresses on Request. 
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Jointed for .. . 
Permanence 


with LEADITE 


— 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—-else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “‘jointing material’? used for bell and spigot Water 
Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—but that it improves with age. 


The pi r self-caulking material for c. i. pipe. 
Tested and used for over 40 years. 
Saves at least 75‘ 


THE LEADITE COMPANY 


—FEW Girard Trust Co. Bldg. Philadelphia, Pa. 
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